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ELECTRIC TELEGRAPHS.’' 
By Pror. A. P. DESCHANEL. 


HE discovery that electricity could be transmitted instantaneously 

to great distances at once suggested the idea of employing it for 
signalling. Bishop Watson performed several experiments of this 
kind in the neighborhood of London, the most remarkable being the 
transmission of the discharge of a Leyden jar through 10,600 feet of 
wire suspended between wooden poles at Shooter’s Hill. This was in 
1747. Aplan for an alphabetical telegraph to be worked by electricity 
is minutely described in the Scot’s Magazine for 1753, but appears to 
have been never experimentally realized. Lesage, in 1774, erected at 
Geneva a telegraph-line, consisting of twenty-four wires connected 
with the same number of pith-ball electroscopes, each representing a 
letter. Reusser, in Germany, proposed, in the same year, to replace 
the electroscopes by spangled panes exhibiting the letters themselves. 
The difficulty of managing frictional electricity was, however, suffi- 
cient to prevent these and other schemes founded on its employment 
from yielding any useful results. Volta’s discoveries, by supplying 
electricity of a kind more easily retained on the conducting wires, 
afforded much greater facilities for transmitting signals to a distance, 
Several suggestions were made for receiving-apparatus to exhibit 
the effects of the currents transmitted from a voltaic battery. Sém- 
mering, of Munich, in 1811, proposed a telegraph, in which the signals 
were given by the decomposition of water in thirty-five vessels, each 
connected with a separate telegraph-wire. Ampére, in 1820, proposed 
to utilize GErsted’s discovery by employing twenty-four needles, to be 
deflected by currents sent through the same number of wires; and 
Baron Schilling exhibited, in Russia, in 1832, a telegraphic model, in 
* Abridged from Deschanel’s “ Natural Philosophy,” Part ITI.: “ Electricity and Mag- 
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which the signals appear to have been given by the deflections of a 
single needle. Sir Francis Ronalds, before 1823, sent intelligible mes- 
sages through more than eight miles of wire insulated and suspended 
in the air. His elementary signal was the divergence of the pith- 
balls of a Canton’s electrometer produced by the communication of a 
statical charge to the wire. He used synchronous rotation of lettered 
dials at each end of the line, and charged the wire at the sending end 
whenever the letter to be indicated passed an opening provided in a 
cover; the electrometer at the far end then diverged, and thus in- 
formed the receiver of the message which letter was designated by the 
sender. The dials never stopped, and any slight want of synchronism 
was corrected by moving the cover. 

Weber and Gauss carried out Schilling’s plan in 1833 by leading 
two wires from the Observatory of Géttingen to the Physical Cabinet, 
a distance of about 9,000 feet. The signals consisted in small deflec- 
tions of a bar-magnet, suspended horizontally with a mirror attached, 
on the plan since adopted in Thomson’s mirror galvanometer. 

At their request, the subject was earnestly taken up by Prof. Stein- 
heil, of Munich, whose inventions contributed more perhaps than those 
of any other single individual to render electric telegraphs commer- 
cially practicable. He was the first to ascertain that earth-connections 
might be made to supersede the use of a return wire. He also in- 
vented a convenient telegraphic alphabet, in which, as in most of the 
codes since employed, the different letters of the alphabet are repre- 
sented by different combinations of two elementary signals. Two 
needles were employed, one or the other of which was deflected ac- 
‘ cording as a positive or a negative current was sent, the deflections 
being always to the same side. Sometimes the needles were merely 
observed by eye, sometimes they were made to strike two bells, and 
sometimes to produce dots, by means of capillary tubes charged with 
ink, on an advancing strip of paper, thus leaving the permanent rec- 
ord on the strip in the shape of two rows of dots. His currents were 
magneto-electric, like those of Weber and Gauss. 

The attraction of an electro-magnet on a movable armature fur- 
nishes another means of signalling. This was the foundation of 
Morse’s telegraphic system, and was employed by Wheatstone tor 
ringing a bell to call attention before transmitting a message. 

About the year 1837 electric telegraphs were first established as 
commercial speculations in three different countries. Steinheil’s sys- 
tem was carried out at Munich, Morse’s in America, and Wheatstone 
and Cooke’s in England. The first telegraphs ever constructed for 
commercial use were laid down by Wheatstone and Cooke on the 
London & Birmingham and Great Western Railways. The wires, 
which were buried in the earth, were five in number, each acting on a 
separate needle; but the expensiveness of this plan soon led to its 
being given up. The single-needle and double-needle telegraphs of 
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the same inventors have been much more extensively used, the former 
requiring only one wire, and the latter two. 

All public telegraphs have now for many years been worked by 
voltaic currents; the magneto-electric system, which was tried on 
some lines, having been found to involve a needless expenditure of 
labor. 

According to Mr, Culley, engineer-in-chief to the post-office, the 
battery which had been adopted by:the authorities of that department 
is a modified Daniell’s, consisting of 
a teak trough, divided into cells by Fis. 1. 
plates of glass or slate, and well 
coated with marine glue, each cell 
being divided into two by a slab of 
porous porcelain. The zine plates 
measure four inches by two, and 
the copper plates, which are very 
thin, are four inches square. The 
zinc hangs at the upper part of its 
cell, which is filled with dilute solu- 
tion of sulphate of zinc. The cop- 
per cell is filled with a saturated 
solution of sulphate of copper, and 
crystals of this salt are placed at 
the bottom, The expenditure in 
sulphate of copper is about a pound 
and a half for each cell per annum. 

The wires for land -telegraphs 
are commonly of what is called gal- 
yrapized iron, that is, iron coated InsuLarons. 
with zine, supported on posts by 
means of glass or porcelain insulators, so contrived that some part of 
the porcelain surface is sheltered from rain, and insulates the wires 
from the posts, even in wet weather, Wires thus suspended are called 
air-lines. 

Underground wires are, however, sometimes employed. They are 
insulated by a coating of gutta-percha, and are usually laid in pipes, 
an arrangement which admits of their being repaired or renewed with- 
out opening the ground except at the drawing-in boxes. There is less 
leakage of electricity from subterranean than from air lines, but their 
cost is greater, and they are less suited for rapid signalling on account 
of the retardation caused by the inductive action between the wire and 
the conducting earth, which is similar to that between the two coat- 
ings of a Leyden jar. 

The early inventors of electric telegraphs supposed that a current 
could not be sent from one station to another without a return-wire to 
complete the circuit. Steinheil, while conducting experiments on a 
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railway, with the view of ascertaining whether the rails could be em- 
ployed as lines of telegraph, made the discovery that the earth would 
serve instead of a return-wire, and with the advantage of diminished 
resistance ; the earth, in fact, behaving like a return-wire of infinitely 
great cross-section, and therefore of no resistance. 

We are not, however, to suppose that the current really returns 
from the receiving to the transmitting station through the earth. The 
duty actually performed by the earth consists in draining off the op- 


Fie. 2. Fie. 3. 






































SINGLE-NEEDLE INSTRUMENT. INTERNAL ARRANGEMENTS. 


posite electricities which would otherwise accumulate in the terminals. 
It keeps the two terminals at the same potential; and, as long as this 
condition is fulfilled, the current will have the same strength as if the 
terminals were in actual contact. 

One of the best-known telegraphs in England, though little or not at 
all employed elsewhere, is the single-needle instrument of Wheatstone 
and Cooke, represented in Figs. 2 and 3, the former showing its exter- 
nal appearance, and the latter its internal arrangements as seen from 
behind. The needle, which is visible in front, is one of an astatic pair, 
its fellow being in the centre of the coil (C C). When the handle (H) 
hangs straight down, the instrument is in the position for receiving 
signals from another station, The current from the line-wire enters at 
L, and, after traversing the coil and deflecting the needle, escapes 
through the earth-wire (E), having taken in its course the two tall 


contact-springs (¢ ¢’). 
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To send a current to another station, the handle (H) is moved to 
one side, and the current sent will be positive or negative according to 
the side to which the handle is moved. The handle turns the cylin- 
drical arbor (a 4), which is divided electrically into two parts by an 
insulator in the middle of its length. Each of these parts has a pin 
projecting from it, one pin being above, and the other below. These 
are vertical when the handle is vertical, and are then doing no duty ; 
but, when the handle is put to one side, the upper pin (which is at- 
tached to 6) makes contact with one of the tall springs (¢ ¢’), at the 
same time pushing it away from the metallic rest (4), and thus putting 
it out of connection with the other tall spring; while the lower pin 
(which is attached to a) makes contact with one of two short springs 
(T T’), only one of which is shown in the figure. There is permanent 
connection between @ and the negative pole of the battery through 
the spring s, and between 6 and the positive pole through the spring s’. 
In the position represented in the figure, @ serves to connect the nega- 
tive pole of the battery with the earth, and 6 serves to connect the 
positive pole with the spring ¢’, down which the current passes from 
the point of contact of the pin, and then through the coil to the line- 
wire at L. The needle of the sending station is thus deflected to the 
same side as that of the receiving station. 


Fig. 4. 


Breovet’s INDICATOR. 


If the handle were moved to the other side, J would serve to con- 
nect the positive pole with the earth, and @ would establish connection 
between the negative pole and the coil, which is itself connected with 
the line-wire. 

Since the English telegraphs came into the hands of the post-office, 
the alphabet devised by Wheatstone and Cooke has been given up, and 
the Morse alphabet, which we give in a later section, adopted in its 
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place. In the Morse alphabet, which is now the telegraphic alphabet 
of all nations, the shortest signs are allotted to those letters which 
occur most frequently. This was not the case with the old needle- 
alphabet, which was rather planned with the view of assisting the 
memory ; and experience has shown that such assistance is quite un- 
necessary. The needle instrument is also, to a great extent, being su- 
perseded by Morse’s instrument. 

Telegraphs in which the ordinary letters of the alphabet are ranged 
round the circumference of a dial, and are pointed at by a revolving 
hand, are specially convenient for those who are not professional teleg- 
raphists. They are constructed on the principle of step-by-step mo- 
tion, the hand being advanced by successive steps, each representing 
one current sent or stopped. 

One of the simplest instruments of this class is Breguet’s, which 
is extensively used on the French railways. Fig. 4 represents the ex- 
terior of the receiving instrument. The dial is inscribed with the 25 
letters of the French alphabet and a cross, making 26 signals in all, 
The hand (as in other step-by-step telegraphs) advances only in one 
direction, which is the same as that of the hands of a clock, stopping 
before each letter which is to be indicated, and pointing to the cross 
at the end of each word, Fig. 5 shows the mechanism by which the 








MECHANISM OF INDICATOR. 


motion is produced. A is the armature of an electro-magnet, the mag- 
net itself being removed in the figure to allow the other parts to be 
better seen. The two dotted circles traced on the armature represent 
vertical sections of the two coils, which rest on the bottom of the box, 
and have their axes horizontal. If introduced, they would nearly con- 
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ceal the armature from view. The armature turns about an horizontal 
axis (V V’), and is attached to an opposing spring which draws it 
back from the magnet. The tension of this spring can be regulated 
by means of a lever acted on by a key outside the 
box. When a current is sent, the armature is at- 
tracted to the magnet; when the current ceases, 
the spring draws it back; and it thus moves con- 
tinually to and fro during the transmission of a 
message. An upright arm (J) is attached to the 
armature, and carries an horizontal arm (ec), which 
lies between the two prongs of a fork (d), repre- 
sented on a larger scale in Fig. 6. This fork vi- 
brates about an horizontal axis (a 5), to which is at- 
tached the vertical pallet (¢). This pallet acts upon 
an escapement-wheel (O), toothed in a peculiar 
way, the thickness of the teeth being only half the 
thickness of the wheel, and the teeth on one-half of the thickness 
being opposite the spaces on the other half. The total number of 
teeth is 26, thirteen on each half of the thickness. 

When no current is passing, the pallet (7) is engaged with one of 
the teeth on the remote side, as represented in Fig. 6. When a cur- 
rent passes, the armature is attracted, and the pallet is moved over to 


EscaPEMENT. 


Breevet’s MANIPULATOR. 


the near side, thus releasing the tooth with which it was previously en- 
gaged, and becoming engaged with the next tooth on the near side of 
the wheel. The wheel, which is urged by a clock-movement, thus ad- 
vances x4, of a revolution; and the hand on the dial, being attached 
to the wheel, moves forward one letter. When the current ceases, the 
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pallet moves back to the remote side, and the hand is advanced an- 
other letter. If the hand is initially at the cross, it will be advanced 
to any required letter by so arranging matters that the number of 
currents plus the number of interruptions shall be equal to the num- 
ber denoting the place of the letter in the alphabet. To effect this 
arrangement is the office of the sending instrument. 

This is represented in Fig. 7. There is a dial inscribed with 25 let- 
ters and a cross, like that of the receiving instrument, and an arm 

which can be carried round the 
Fie. 8. dial by a handle (M). There are 
26 notches cut in the edge of 
the dial, in which a pin attached 
to the movable arm catches ; and 
the arm is allowed sufficient play 
to and from the face of the dial 
to admit of this pin being easily 
released orinserted. When the 
pin is in one of the notches, the 
instrument is in position for 
transmitting the corresponding 
letter. The action is as follows: 
A toothed or rather undulated 
wheel is fixed on the same axis as 
the revolving arm, and turns with it. There are 13 projections and 13 
hollows on its circumference, a few of which are shown in the figure 
where the face is cut away. <A bent lever (T), movable about an axis 
at a, bears at one end against the circumference of the undulated 
wheel, while its other end plays between two points (P, Q), and is in 
vontact with one or other of these points whenever its upper end bears 
against a hollow or a projection. P is in connection with a battery, 
and Q with the earth, the undulated wheel being in connection with 
the line-wire. The movement of the handle thus produces the requi- 
site number of currents and interruptions. 

Besides the sending and receiving apparatus above described, each 
station has an alarum, which is employed to call attention before send- 
ing a dispatch. There are several different kinds. Fig. 8 represents 
the vibrating alarum, which is one of the simplest. It contains an 
electro-magnet (e), with an armature (7), fixed to the end of an elastic 
plate. When no current is passing through the coil, the armature is 
held back by the elasticity of this plate, so as to press against a con- 
tact-spring (g) connected with the binding-screw (m). The terminals 
of the coil are at the binding-screws (p, p’), the former of which is in 
connection with the armature, and the latter with the earth. As long 
as the armature presses against the spring (g), there is communication 
between the two binding-screws (m and p’) through the coil; but the 
passing of a current produces attraction of the armature, which draws 














VIBRATING ALARUM. 
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it away from g, and interrupts the current. The electro-magnet is 
thus demagnetized, and the armature springs back against g, so as to 
allow a fresh current to pass, The armature is thus kept in continual 
vibration; and a hammer (K), which it carries above, produces re- 
peated strokes on a bell (T). 

Morse’s apparatus, first tried in America about 1837, is now per- 
haps the most extensively used of all. 

His receiving instrument, or indicator, in its primitive simplicity, 
consists (Fig. 9) of an electro-magnet, a lever movable about an axis, 
carrying a soft-iron armature at one end, and a pencil at the other, 
and a strip of paper which is drawn past the pencil by a pair of 
rollers, 


Morse's TELEGRAPH. 


As the pencil soon became blunt, and was uncertain in its marking, 
a point, which scratched the paper, was substituted. This has now, 
to a great extent, been superseded by an ink-writer, which requires 
the exertion of less force, and at the same time leaves a more visible 


trace, 

Fig. 10 represents Morse’s indicator as modified by Digney. A 
train of clock-work, not shown in the figure, drives one pair of rollers 
(xn m), which draw forward a strip of paper (pp) forming part of a 
long roll (K). The same train turns the printing-cylinder (H), the sur- 
face of which is kept constantly charged with a thick, greasy ink by 
rolling-contact with the ink-pad (L). The armature (B B’) of the 
electro-magnet (A) is mounted on an axis at C, and carries a style at 
its extremity just beneath the printing-cylinder. When a current 
passes, the armature is attracted, and the style presses the paper 
against the printing-cylinder, causing a line to be printed on it, the 
length of which depends on the duration of the current, as the paper 
continues to advance without interruption. The lines actually em- 
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ployed are of two lengths, one being made as short as possible (-), 
and called a dot, and the other being about three times as long (—), 
and called a dash, The opposing spring (D) restores the armature to 
its original position the moment the current ceases. 


Fig. 10. 





Morse’s TELEGRAPH—MopIFIED Form. 


Morse’s key (Fig. 11) is simply a brass lever, mounted on a hinge 
at A, and pressed up by the spring 7 When the operator puts down 
the key, by pressing on the button (K) with his finger, the projections 


(c d) are brought into contact, and a current passes from the battery- 
wire (P) to the line-wire (L). When the key is up, the projections (a 5) 
are in contact, and currents arriving by the line-wire pass by the wire 
R to the indicator or the relay, By keeping the key down for a longer 
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or shorter time, a dash or a dot is produced at the station to which 
the signal is sent. The dash and dot are combined in different ways 
to indicate the different letters, as shown in the following scheme, 
which is now generally adopted both in Europe and America : 


Morse’s ALPHABET. 
Femme | Bae 
| U--= 
| 





Understood - - - 


A space about equal to the length of a dash is left between two letters, 
and a space of about twice this length between two words, 

In needle-telegraphs, the dot is represented by a deflection to the 
left, and the dash by a deflection to the right. 

Fig. 12 represents Morse’s indicator in connection with what is 


Fie. 12. 























Line Battery. 


{ ay ‘ Line. 





Morse’s APPARATUS, WITH RELAY. 


called a relay ; that is to say, an apparatus which, on receiving a fee- 
ble current from, a distance, sends on a much stronger current from a 
battery on the spot. The key (B) being up,a current arriving by the 
line-wire passes through the key from ¢ to a, thence through another 
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wire to the coil of the electro-magnet belonging to the relay, and 
through this coil to earth, The electro-magnet of the relay attracts 
an armature, the contact of which with the magnet completes the cir- 
cuit of the local battery, in which circuit the coil belonging to the in- 
dicator is included. The armature of the indicator is thus compelled 
to follow the movements of the armature of the relay. 

Relays are used when the currents which arrive are too much en- 
feebled to give clear indications by direct action. They are also fre- 
quently introduced at intermediate points in long lines which could 
not otherwise be worked through from end to end. The analogy of 
this use to change of horses on a long journey is the origin of the 
name. Relays are also frequently used in connection with alarums 
when these are large and powerful. 

The employment of Morse’s alphabet requires on the average about 
three currents to be sent per letter. The extension of telegraphic ser- 
vice has stimulated the industry of inventors to devise means for ob- 
taining more rapid transmission. Hughes, about 1859, invented a sys- 
tem which requires only one current to be sent for each letter, and 
which, accordingly, sends messages in about a third of the time re- 
quired by Morse’s method. Hughes’s machine also prints its messages 
in Roman characters on a strip of paper. These advantages are, how- 
ever, obtained at the expense of extreme complexity in the apparatus 
employed. It is only fit for the use of skilled hands; but it is exten- 
sively employed on important lines of telegraph. We will proceed to 
indicate the fundamental arrangements of this marvellous piece of 
ingenuity. 

Fig. 13 is a general view of the machine. It is propelled by power- 
ful clock-work, with a driving weight of about 120 Ibs., and with a regu- 
lator consisting of a vibrating spring (/) acting upon a ’scape-wheel. 
A travelling weight on the spring can be moved toward either end to 
regulate the quickness of the vibrations. The clock-work drives three 
shafts or axes: 1. The type-shaft, so called because it carries at its 
extremity the type-wheel (T), which has the letters of the alphabet en- 
graved in relief on its circumference at equal distances, except that a 
blank space occurs at one place instead of a letter; 2. The printing- 
shaft, which turns much faster than the type-shaft, making sometimes 
700 revolutions per minute, and carrying the fly-wheel (V). These two 
axes are horizontal, and are separately represented in Fig. 14; 3. A 
vertical shaft (a) having the same velocity as the type-wheel, which 
drives it by means of bevel-wheels. 

This vertical shaft consists of two metallic portions, insulated from 
each other by an ivory connecting-piece. In the position represented 
in Fig. 14, these two metallic parts are electrically connected by means 
of the screw (V), but they will be disconnected by raising the mov- 
able piece (v). 

The revolving arm composed of the pieces v’ v is called the chariot. 





Fig, 123. 
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It revolves with the vertical shaft, and travels over a disk (D) pierced 
with as many holes as there are letters on the type-wheel, these holes 
being ranged in a circle round the base of the shaft, and at such a dis- 
tance from the shaft that the extremity of the chariot passes exactly 
over them. In these holes are the upper ends of a set of pins (g), which 
are raised by putting down a set of keys (BN) resembling those of a 
piano. When the chariot passes over a pin which is thus raised, the 
piece v is lifted away from v’, and the current from the battery, which 
previously passed from the pin through v and v’ to the earth, is now 
cut off from v', and passes through v to the electro-magnet, and thence 


to the line-wire. 
Fre. 14. 
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TYPE-SHAFT AND PRINTING-SHAFT. 




















This is the process for sending signals. We will now explain how 
a current thus sent causes a letter to be printed by the type-wheels at 
both the sending and receiving stations, the sending and receiving in- 
struments being precisely alike. 

The current traverses the coils of an electro-magnet (E, Fig. 13), be- 
neath which is a permanent steel horseshoe magnet, having its poles 
in contact with the soft-iron cores of the electro-magnet. When no 
current is passing, the influence of the steel renders these cores tem- 
porary magnets, and enables them to hold the movable armature (p) 
against the force of an opposing spring. The current is in such a 
direction that it tends to reverse the magnetism induced by the steel. 
It is not necessary, however, that it should be strong enough to pro- 
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duce an actual reversal, but merely that it should weaken the induced 
magnetism of the cores sufficiently to enable the opposing spring to 
overpower them. This is one of the most original parts of Hughes’s 
apparatus, and is a main cause of its extreme sensibility. 

The printing-shaft consists of two portions, one of which (I, Fig. 
14) carries the fly-wheel (V), and turns uniformly under the action of 
the clock-movement ; the other, which is next the front of the machine, 
remains at rest when no current is passing ; but, when the armature of 
the magnet rises, the two parts of the shaft become locked together 
by means of the ratchet-wheel and click (¢ 7’). 

" 'The portion of the shaft which is thus turned every time a current 
passes, carries a very acute cam or tooth (p, Fig. 15), which suddenly 
raises the lever (a 6), movable about an axis at one end (T), and, by so 
doing, raises the paper against the type-wheel, and prints the letter. 
In order thus to print a letter from the rim of a wheel which continues 
turning, very rapid movement is necessary. This is secured by making 
the opposing spring which moves the armature very powerful, and the 
cam (p) very acute. The same movement of the lever which produces 


Fie. 15. 





MECHANISM FOR PRINTING. 


the impression, raises the arm (J U), which carries a spring (r) with a 
click at its extremity. This click, in its ascent, glides over the teeth 
of the ratchet-wheel (E), but locks into the teeth and turns the wheel 
in its descent, and, by so doing, advances the paper through the dis- 
tance corresponding to one letter. The spacing of the words is ob- 
tained by the help of the blank on the type-wheel. 

The type-wheel should admit of easy adjustment to restore it to 
agreement with the chariot when accidental derangement may have 
occurred. For this purpose the shaft (G) is made hollow, its internal 
and external portions being merely locked together by the click (m), 
which is held in its place by a permanent current in either direction, 
On pressing down the button (Q, Fig. 13), the click (m) is raised by the 
piece E, so as to leave the type-wheel free, and a pin is provided which 
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catches in a notch corresponding to the blank on the type-wheel. The 
adjustment can also be made by hand. 

Lastly, the shaft (I) carries a third cam, which, at each revolution 
of this axis, engages with a very coarse-toothed wheel (T’), set on the 
same axis as the type-wheel, and pushes it a little forward or backward 
without detaching it from the driving-gear. Small discrepancies be- 
tween the velocities of the type-wheel and chariot are thus corrected 
as often as a letter is printed. This contrivance serves to keep the re- 
ceiving instrument from gaining or losing on the sending instrument 
during the transmission of a message. The type-wheel of the receiv- 
ing instrument must be adjusted before the message begins, so as to 
make the two instruments start at the same letter. 

Suppose a metallic cylinder, permanently connected with the earth, 
to be revolving, carrying with it on its surface a strip of paper freshly 
impregnated with cyanide of potassium. Also suppose a very light 
steel point permanently connected with the line-wire, and resting in 
contact with the paper. Every time that a current arrives by the 
line-wire, chemical action will take place at the point of contact, and 
the paper at this point will be discolored by the formation of Prussian 
blue. This is the principle of Bain’s electro-chemical telegraph, which 
leaves a record in the shape of dots and dashes of Prussian blue. The 
apparatus for sending signals is the same as in Morse’s system. The 
paper must not be too wet, or the record will be blurred; neither must 
it be too dry, for then no record will be obtained. 


An autographic telegraph is one which produces at the receiving 
station a fac-simile of the original dispatch. The best known-instru- 
ments of this class are those of Bonelli and Caselli. We shall describe 
the latter. 


Fie. 16. 


PRINCIPLE OF CASELLI'’s TELEGRAPH 


At the sending station a sheet of metallized paper, with the dis- 
patch written upon it in a greasy kind of ink, is laid upon a cylindric 
surface (M, Fig. 16). At the receiving station there is a similar cylin- 
dric surface (R), on which a sheet of Bain’s chemical paper is laid. 
Two styles, driven by pendulums which oscillate with exact syn- 
chronism, move over the surfaces of the two sheets, describing upon 
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them very close parallel lines at a uniform distance apart, both styles 
being in permanent connection with the line-wire. The current is fur- 
nished by the battery (P) at the sending station. When the style is on 
a conducting portion of the paper M, the current takes the course of 
least resistance (A BCD), no sensible portion of it going to the other 
station. On the other hand, when the style is on the non-conducting 
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ink in which the dispatch is written, the circuit ABCD is broken, and 

the current travels through the line-wire. At this moment the style 

on the sheet R is in exactly the same position as that on the sheet M, 

by reason of the synchronism of the pendulums, and a blue line will 
VOL, 111.—27 
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be produced which will be the exact reproduction of the broken line 
of the dispatch traversed by the style. Accordingly, when the style 
of M has described a series of lines close together and covering the 
sheet, R will be covered with a series of points or lines forming a copy 
of the dispatch. The tracing point is carried by a lever turning about 
an axis near its lower end. To this lower end is attached a connect- 
ing rod, jointed at its other end to the pendulum (Fig. 17). While 
the pendulum swings in one direction, the style traces a line in one 
direction on the sheet. At the end of this stroke, an action occurs 
which, besides advancing the style, raises it, so that it does not touch 
the sheet during the return-stroke. 

The synchronism of the pendulums at the two stations, which is 
absolutely necessary for correct working, is obtained by means of two 
clocks which are separately regulated to a given rate, the clock-pen- 
dulums making two vibrations for one of the telegraphic pendulum. 
The bob of the latter consists of a mass of iron, and vibrates between 
two electro-magnets, which are made and unmade according to the po- 
sition of the clock-pendulum, as the latter makes and breaks the circuit 
of a local battery. The mass of iron is thus alternately attracted by 
each of the two magnets as it comes near them, and is prevented from 
gaining or losing on the clock. 


Faoc-simiLeE or DIsPATcH. Cory on TIN-Fort, 


. 


It is evident that the Caselli telegraph may be applied to copy not 
only letters, but a design of any kind; hence the name of pantelegraph 
which has been given it. Fig. 18 represents a copy thus obtained 
upon Bain’s paper. Fig. 19 represents a copy obtained at the same 
time upon a sheet of tin-foil, such as is usually placed beneath the 
paper. The current decomposes the moisture of the paper, and the 
hydrogen thus liberated reduces the oxide of tin, of which a small 
quantity is always present on the surface. If the foil be then treated 
with a mixture of nitric and pyrogallic acid, the traces are developed, 
and come out black. 

The Caselli system has been used for some years on the telegraphs 
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around Havre and Lyons, but has not realized the hopes of its pro- 
moters, its dispatches being often illegible. 

Instead of a series of parallel lines, the styles may be made to trace 
the successive convolutions of a fine helix, the two sheets being bent 
round two cylinders, which revolve in equal times, and also advance 
longitudinally. 


THE STUDY OF SOCIOLOGY. 
By HERBERT SPENCER. 


XIL.— Discipline. 


ti the foregoing eight chapters we have contemplated, under their 
several heads, those “ Difficulties of the Social Science” which the 
chapter bearing that title indicated in a general way. After thus 
warning the student against the errors he is liable to fall into, partly 
because of the nature of the phenomena themselves and the conditions 
they are presented under, and partly because of his own nature as 
observer of them—which by both its original and its acquired charac- 
ters causes twists of perception and judgment—it now remains to say 
something about the needful preliminary studies. I do not refer to 
studies furnishing the requisite data, but I refer to studies giving 
the requisite discipline. Right thinking in any matter depends very 
much on the habit of thought; and the habit of thought, partly nat- 
ural, depends in part on the artificial influences to which the mind 
has been subjected. 

As certainly as each person has peculiarities of bodily action that 
distinguish him from his fellows, so certainly has he peculiarities of 
mental action that give a character to his conceptions. There are 
tricks of thought as well as tricks of muscular movement. There are 
acquired mental aptitudes for seeing things under particular aspects, 
as there are acquired bodity aptitudes for going through evolutions 
after particular ways. And there are intellectual perversities pro- 
duced by certain modes of treating the mind, as there are incurable 
awkwardnesses due to certain physical activities daily repeated. 

A truth ever to be remembered is, that each kind of mental disci- 
pline, besides its direct effects on the faculties brought into play, has 
its indirect effects on the faculties left out of play; and when special 
benefit is gained by extreme special discipline, there is inevitably more 
or less general mischief entailed on the rest of the mind by the conse- 
quent want of discipline. That antagonism between body and brain 
which we see in those who, pushing brain-activity to an extreme, en- 
feeble their bodies, and those who, pushing bodily activity to an ex- 
treme, make their brains inert, is an antagonism which holds between 
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the parts of the body itself and the parts of the brain itself. The 
greater bulk and strength of the right arm resulting from its greater 
use, and the greater aptitude of the right hand, are instances in point; 
and that the relative incapacity of the left hand, involved by culti- 
vating the capacity of the right hand, would become still more marked 
were the right hand to undertake all manipulation, is obvious. The 
like holds among the mental faculties. The fundamental antagonism 
between feeling and cognition, running down through all actions of 
the mind, from the conflicts between emotion and reason to the con- 
flicts between sensation and perception, is the largest illustration. 
We meet with a kindred antagonism, among the actions of the intel- 
lect itself, between perceiving and reasoning. Men who have marked 
aptitudes for accumulating observations are rarely men given to gen- 
eralizing ; while men given to generalizing are commonly men who, 
mostly using the observations of others, observe for themselves less 
from love of particular facts than from desire to put such facts to use, 
We may even trace the antagonism within a narrower range, between 
general reasoning and special reasoning. One prone to far-reaching 
speculations rarely pursues to much purpose those investigations by 
which particular truths are reached; while the scientific specialist 
ordinarily has but little tendency to occupy himself with wide views. 

No more is needed to make it clear that habits of thought result 
from particular kinds of mental activity, and that each man’s habits 
of thought influence his judgment on any question brought before 
him. It will be obvious, too, that, in proportion as the question is in- 
volved and many-sided, the habit of thought must be a more impor- 
tant factor in determining the conclusion arrived at. Where the sub- 
ject-matter is very simple, as a geometrical truth or a mechanical 
action, and has therefore not many different aspects, perversions of 
view consequent on intellectual attitude are comparatively few; but, 
where the subject-matter is complex and heterogeneous, and admits of 
being mentally seen in countless different ways, the intellectual atti- 
tude affects very greatly the form of the conception. 

A fit habit of thought, then, is all-important in the study of Sociol- 
ogy; and a fit habit of thought can be acquired only by study of the 
Sciences at large. For Sociology is a science in which the phenomena 
of all other sciences are included. It presents those necessities of re- 
lation with which the Abstract Sciences deal; it presents those con- 
nections of cause and effect which the Abstract-Concrete Sciences 
familiarize the student with ; and it presents that concurrence of many 
causes and production of contingent results which the Concrete Sci- 
ences show us, but which we are shown especially by the organic 
sciences. Hence, to acquire the habit of thought conducive to right 
thinking in Sociology, the mind must be familiarized with the funda- 
mental ideas which each class of sciences brings into view, and must not 
be possessed by those of any one class, or any two classes, of sciences. 
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That this may be better seen, let me briefly indicate the indispen- 
sable discipline which each class of sciences gives to the intellect, and 
also the wrong intellectual habits produced if that class of sciences is 
studied exclusively. 


Entire absence of training in the Abstract Sciences leaves the 
mind without due sense of necessity of relation. Watch the mental 
movements of the wholly ignorant, before whom not even the exact 
and certain results of Arithmetic have been frequently brought, and 
it will be seen that there exists nothing like irresistible conviction 
that from given data there is an inevitable inference. That which to 
you has the aspect of a necessity, seems to them not free from doubt. 
Even men whose educations have made numerical processes and re- 
sults tolerably familiar, wilt show, in a case where the implication is 
logical only, that they have not absolute confidence in the dependence 
of conclusion on premisses. 

Unshakable beliefs in necessities of relation, are to be gained 
only by studying the Abstract Sciences, Logic and Mathematics. 
Dealing with necessities of relation of the simplest class, Logic is of 
some service to this end; though often of less service than it might 
be, for the reason that the symbols it uses are not translated into 
thought, and the connections stated not really represented. Only 
when, for a logical implication expressed in the abstract, there is sub- 
stituted an example so far concrete that the interdependencies can be 
contemplated, is there an exercise of the mental power by which logi- 
cal necessity is grasped. Of the discipline given by Mathematics, 
also, it is to be remarked that the habit of dealing with the necessities 
of numerical relation, though in a degree useful for cultivating the 
consciousness of necessity, is not ina high degree useful; because, in 
the immense majority of cases, the mind, occupied with the symbols 
used, and not passing beyond them to the groups of units they stand 
for, does not really figure to itself the relations expressedg—does not 
really discern their necessities, and has not therefore the conception 
of necessity perpetually repeated. It is the more special division of 
Mathematics, dealing with Space-relations, which, above all other 
studies, yields necessary ideas, and so makes strong and definite the 
consciousness of necessity in general. A geometrical demonstration 
time after time presents premisses and conclusion in such wise that 
the relation alleged is seen in thought—cannot be passed over by 
mere symbolization. Each step exhibits some connection of positions 
or quantities as one that could not be otherwise; and hence the habit 
of taking such steps makes the consciousness of such connections 
familiar and vivid. 

But, while mathematical discipline, and especially discipline in 
Geometry, is extremely useful, if not indispensable, as a means of 
preparing the mind to recognize throughout Nature the absoluteness 
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of uniformities, it is, if exclusively or too habitually pursued, apt to 
produce perversions of general thought. Inevitably it generates a 
special bent of mind; and inevitably this special bent affects all the 
intellectual actions—causes a tendency to look in a mathematical way 
at questions beyond the range of Mathematics. The mathematician 
is ever dealing with phenomena of which the elements are relatively 
few and definite. His most involved problem is immeasurably less 
involved than are the problems of the Concrete Sciences, But he 
cannot help bringing with him his mathematical habits of thought; 
and, in dealing with questions which the Concrete Sciences present, he 
recognizes some few only of the factors, tacitly ascribes to these a 
definiteness which they have not, and proceeds after the mathematical 
manner to draw positive conclusions from these data, as though they 
were specific and adequate. ° 

Hence the truth, so often illustrated, that mathematicians are bad 
reasoners on contingent matters. To previous illustrations may be 
added the recent one yielded by M. Michel Chasles, who proved him- 
self incapable as a judge of evidence in the matter of the Newton- 
Pascal forgeries. Another was supplied by the late Prof. De Morgan, 
who, bringing his mental eye to bear with microscopic power on some 
small part of a question, ignored its main features. 


By cultivation of the Abstract-Concrete Sciences, there is produced 
a further habit of thought, not otherwise produced, which is essential 
to right thinking-in general, and by implication to right thinking in 
Sociology. Familiarity with the various orders of physical and chem- 
ical phenomena gives distinctness and strength to the consciousness 
of cause and effect. 

Experiences of things around do, indeed, yield conceptions of spe- 
cial forces and of force in general. The uncultured get from these ex- 
periences degrees of faith in causation such that, where they see some 
striking effect, they usually assume an adequate cause, and, where a 
cause of given amount is manifest, a proportionate effect is looked for. 
Especially is this so where the actions are simple mechanical actions. 
Still, these impressions which daily life furnishes, if unaided by those 
derived from physical science, leave the ordinary mind with but vague 
conceptions of causal relations, It needs but to remember the readiness 
with which people accept the alleged facts of the Spiritualists, many 
of which imply a direct negation of the mechanical axiom that action 
and reaction are equal and opposite, to see how much the ordinary 
thoughts of causation lack quantitativeness—lack the idea of propor- 
tion between amount of force expended and amount of change wrought. 
Very generally, too, the ordinary thoughts of causation are not even 
qualitatively valid; the most absurd notions as to what cause will 
produce what effect are frequently disclosed. Take, for instance, the 
popular belief that a goat kept in a stable will preserve the health of 
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the horses; and note how this belief, accepted on the authority of 
grooms and coachmen, is repeated by their educated employers—as I 
lately heard it repeated by an American general, and agreed in by two 
retired English officials. Clearly, the readiness to admit, on such evi- 
‘dence, that such a cause can produce such an effect, implies a con- 
sciousness of causation which, even qualitatively considered, is of the 
crudest kind. And such a consciousness is, indeed, everywhere be- 
trayed by the superstitions prevalent more-or less among all classes. 
Hence we must infer that the uncompared and unanalyzed obser- 
vations men make, in the course of their dealings with things around, 
do not suffice to give them wholly-rational ideas of the process of 
things. It requires that physical actions shall be critically examined, 
the factors and results measured, and different cases contrasted, before 
there gan be reached clear ideas of necessary causal dependence. And 
thus to investigate physical actions is the business of the Abstract- 
Concrete Sciences. Every experiment which the physicist or the 
chemist makes brings afresh before his consciousness the truth, given 
countless times in his previous experiences, that from certain antece- 
dents of particular kinds there will inevitably follow a particular kind 
of consequent; and that, from certain amounts of the antecedents, the 
amount of the consequent will be inevitably so much. The habit of 
thought generated by these hourly-repeated experiences, always the 
same, always exact, is one which makes it impossible to think of any 
effect as arising without a cause, or any cause as expended without an 
effect ; and one which makes it impossible to think of an effect out of 
proportion to its cause, or a cause out of proportion to its effect. 
While, however, study of the Abstract-Concrete Sciences, carried 
on experimentally, gives clearness and strength to the consciousness of 
causation, taken alone it is inadequate as a discipline ; and, when pur- 
sued exclusively, generates a habit of thought which betrays into er- 
roneous conclusions when higher orders of phenomena are dealt with. 
The process of physical inquiry is essentially analytical; andthe daily 
pursuit of this process generates two tendencies—the tendency to con- 
template separately the factors of phenomena, which it is the aim of 
inquiry to disentangle, and identify, and measure, and the tendency to 
rest in the results of such inquiry as though they were the final results 
to be sought. The chemist, by saturating, neutralizing, decomposing, 
precipitating, and at last separating, is enabled to measure what quan- 
tity of this element had been held in combination by a given quantity 
of that; and, when, by some alternative course of analysis, he has 
verified the result, his inquiry in so far is concluded: as are kindred 
inquiries respecting the other affinities of the element, when they are 
qualitatively and quantitatively determined in like ways. His habit is 
to get rid of, or neglect as much as possible, the concomitant disturb- 
ing factors, and to ascertain the nature and amount of some one and 
then of some other; and his end is reached when accounts have been 
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‘given of all the factors individually considered. So is it, too, with 
the physicist. Say the problem is the propagation of sound through 
air, and the interpretation of its velocity—say that the velocity as 
calculated by Newton is found less by one-sixth than observation 
gives, and that Laplace sets himself to explain the anomaly. He ree- 
ognizes the evolution of heat by the compression which each sound- 
wave produces in the air; finds the extra velocity consequent on this ; 
adds this to the velocity previously calculated; finds the result an- 
swer to the observed fact; and then, having analyzed the phenomenon 
into its components and measured them, considers his task concluded, 
So throughout: the habit is that of identifying, parting, and estimat- 
ing factors, and stopping after having done this completely. 

This habit, carried into the interpretation of things at large, affects 
it somewhat as the mathematical habit affects it. It tends toward the 
formation of unduly-simple and unduly-definite conceptions ; and it 
encourages the natural propensity to stop short with proximate results. 
The daily practice of dealing with single factors of phenomena, and 
with factors complicated by but few others, and with factors ideally 
separated from their combinations, inevitably gives to the thoughts 
about surrounding things an analytic rather than a synthetic character. 
It promotes the contemplation of simple causes apart from the entan- 
gled plexus of coéperating causes which all the higher natural phe- 
nomena show us, and begets a tendency to suppose that, when the 
results of such simple causes have been exactly determined, nothing 
remains to be sought. 

Physical science, then, though indispensable as a means of develop- 
ing the consciousness of causation in its simple definite forms, and thus 
preparing the mind for dealing with complex causation, is not sufficient 
of itself to make complex causation truly comprehensible, In illus- 
tration of its inadequacy, I might name a distinguished mathematician 
and physicist whose achievements place him in the first rank, but who, 
nevertheless, when entering on questions of concrete science, where 
the data are no longer few and exact, has repeatedly shown defective 
judgment. Choosing premisses which, to say the least, were gratui- 
tous and in some cases improbable, he has proceeded by exact methods 
to draw definite conclusions, and has then enunciated those conclu- 
sions as though they had a certainty proportionate to the exactness of 
his methods. 


The kind of discipline which affords the needful corrective is the 
discipline which the Concrete Sciences give. Study of the forms of 
phenomena, as in Logic and Mathematics, is needful, but by no means 
sufficient. Study of the factors of phenomena, as in Mechanics, Phys- 
ics, Chemistry, is also essential, but not enough by itself, or enough 
even joined with study of the forms. Study of the products them- 
selves, in their totalities, is no less necessary. Exclusive attention to 
forms and factors will not only fail to give right conceptions of prod- 
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ucts, but will even tend to make the conceptions of products wrong. 
The analytical habit of mind has to be supplemented by the syn- 
thetical habit of mind. Seen in its proper place, analysis has for its 
chief function to prepare the way for synthesis; and, to keep a due 
mental balance, there must be not only a recognition of the truth that 
synthesis is the end to which analysis is the means, but there must also 
be a practice of synthesis along with a practice of analysis. 

All the Concrete Sciences familiarize the mind with certain cardinal 
conceptions which the Abstract and Abstract-Concrete Sciences do not 
yield—the conceptions of continuity, complexity, and contingency. 
The simplest of the Concrete Sciences, Astronomy and Geology, yield 
the idea of continuity with great distinctness, I do not mean con- 
tinuity of existence merely ; I mean continuity of causation: the un- 
ceasing production of effect—the never-ending work of every force. 
On the mind of the astronomer there is vividly impressed the idea that 
any one planet which has been by so much swerved out of its course 
by another planet, or by a combination of others, will through all fu- 
ture time follow a route different from that it would have followed but 
for the perturbation; and he recognizes its reaction upon the perturb- 
ing planet or planets, as similarly having effects which, while ever 
being complicated and ever slowly diffused, will never be lost during 
the immeasurable periods to come. So, too, the geologist sees in each 
change wrought on the earth’s crust, by igneous or aqueous action, a 
new factor that goes on perpetually modifying all subsequent changes. 
An upheaved portion of sea-bottom alters the courses of ocean-cur- 
rents, modifies the climates of adjacent lands, affects their rainfalls 
and prevailing winds, their denudations and the deposits round their 
coasts, their floras and faunas; and these effects severally become 
causes that act unceasingly in ever-multiplying ways. Always there 
is traceable the persistent working of each force, and the progressive 
complication of the results through succeeding geologic epochs. 

These conceptions, not yielded at all by the Abstract and Abstract- 
Concrete Sciences, and yielded by the inorganic Concrete Sciences in 
ways which, though unquestionable, do not arrest attention, are yielded 
in clear and striking ways by the organic Concrete Sciences—the sci- 
ences that deal with living things. Every organism, if we choose to 
read the lessons it gives us, shows continuity of causation and com- 
plexity of causation. The ordinary facts of inheritance illustrate con- 
tinuity of causation—very conspicuously where varieties so distinct as 
negro and white are united, and where traces of the negro come out 
generation after generation; and still better among domestic animals, 
where traits of remote ancestry show the persistent working of causes 
which date far back. Organic phenomena make us familiar with com- 
plexity of causation, both by showing the codperation of many ante- 
cedents to each consequent, and by showing the multiplicity of results 
which each influence works out. If we observe how a given weight 
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of a given drug produces on no two persons exactly like sets of effects, 
and produces even on the same person different effects in different con- 
stitutional states, we see at once how involved is the combination of 
factors by which the changes in an organism are breught about, and 
how extremely contingent, therefore, is each particular change. And 
we need but watch what happens after an injury, say of the foot, to 
perceive how, if permanent, it alters the gait, alters the adjustment 
and bend of the body, alters the movements of the arms, alters the 
features into some contracted form accompanying pain or incon- 
venience. Indeed, through the readjustments, muscular, nervous, and 
visceral, which it entails, this local damage acts and reacts on function 
and structure throughout the whole body, producing effects which, as 
they diffuse, complicate incalculably. 

While, in multitudinous ways, the Science of Life thrusts on the 
attention of the student the cardinal notions of continuity, and com- 
plexity, and contingency, of causation, it introduces him to a further 
conception of moment, which the inorganic Concrete Sciences do not 
furnish—the conception of what we may call fructifying causation. 
For, as it is a distinction between living and not-living bodies that the 
first propagate while the second do not, it is also a distinction be- 
tween them that certain actions which go on in the first are cumula- 
tive, instead of being, as in the second, dissipative. Not only do or- 
ganisms as wholes reproduce, and so from small beginnings are capable, 
by multiplication, of reaching great results; but components of them, 
normal and morbid, do the like. Thus a minute portion of a virus, in- 
troduced into an organism, does not work an effect proportionate to 
its amount, as would an inorganic agent on an inorganic mass; but, by 
appropriating materials from the blood of the organism, and thus im- 
mensely increasing, it works effects altogether out of proportion to its 
amount as originally introduced—effects which may continue with ac- 
cumulating power throughout the remaining life of the organism. It 
is so with internally-evolved agencies as well as with externally-in- 
vading agencies. A portion of germinal matter, itself microscopic, 
may convey from a parent some constitutional peculiarity that is in- 
finitesimal in relation even to its minute bulk; and from this there 
may arise, fifty years afterward, gout or insanity in the resulting 
man: after this great lapse of time, slowly-increasing actions and 
products show themselves in large derangements of function and 
structure. And this is a trait characteristic of organic phenomena, 
While, from the destructive changes going on throughout the tissues 
of living bodies, there is a continual production of effects which lose 
themselves by subdivision, as do the effects of inorganic forces, there 
arise from those constructive changes going on in them, by which 
living bodies are distinguished from not-living bodies, certain classes 
of effects which increase as they diffuse—go on augmenting in volume 
as well as in variety. 
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Thus, as a discipline, study of the Science of Life is essential ; part- 
ly as familiarizing the mind with the cardinal ideas of continuity, com- 
plexity, and contingency, of causation in clearer and more various ways 
than do the other Concrete Sciences, and partly as familiarizing the 
mind with the cardinal idea of frucfifying causation, which the other 
Concrete Sciences do not present at all, Not that, pursued exclusive- 
ly, the Organic Sciences will yield these conceptions in clear forms: 
there requires a familiarity with the Abstract-Concrete Sciences to 
give the requisite grasp of simple causation. Studied by themselves 
the Organic Sciences tend rather to make the ideas of causation cloudy ; 
for the reason that the entanglement of the factors and the contingency 
of the results is so great that definite relations of antecedents and con- 
sequents cannot be established: the two are not presented in such 
connections as to make the conception of causal action, qualitative and 
quantitative, sufficiently distinct. There requires, first, the discipline 
yielded by Physics and Chemistry, to make definite the ideas of forces 
and actions as necessarily related in their kinds and amounts; and 
then the study of organic phenomena may be carried on with a clear 
consciousness that while the processes of causation are so involved as 
often to be inexplicable, yet there is causation, no less necessary and 
no less exact than causation of simpler kinds. 


And now to apply these considerations on mental discipline to our 


immediate topic. For the effectual study of Sociology there needs a 
habit of thought generated by the studies of all these sciences; since, 
as already said, social phenomena involve phenomena of every order. 

That there are necessities of relation such as those with which the 
Abstract Sciences deal, cannot be denied, when it is seen that societies 
present facts of number and quantity. That the actions of men in 
society, in all their movements and productive processes, must con- 
form to the laws of the physical forces, is also indisputable. And 
that every thing thought and felt and done in the course of social 
life is thought and felt and done in harmony with the laws of indi- 
vidual life, is also a truth—almost a truism, indeed; though one of 
which few seem conscious. 

Culture of the sciences in general, then, is needful ; and, above all, 
culture of the Science of Life. This is more especially requisite, how- 
ever, because the conceptions of continuity, complexity, and contin- 
gency, of causation, as well as the conception of fructifying causation, 
are conceptions common to it and to the Science of Society. It affords 
a specially-fit discipline, for the reason that it alone among the sciences 
produces familiarity with these cardinal ideas—presents the data for 
them in forms easily grasped, and so prepares the mind for recogniz- 
ing the data for them in the Social Science, where they are less easily 
grasped, though no less constantly presented. 

The supreme importance of this last kind of culture, however, is 
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not to be adequately shown by this brief statement. For, besides 
generating habits of thought appropriate to the study of the Social 
Science, it furnishes the mind with special conceptions which serve as 
keys to the Social Science. The Science of Life yields to the Science 
of Society certain great generaliaations without which there can be 
no Science of Society at all. Let us go on to observe the relations of 
the two. 


FOOTPRINTS IN THE ROCKS. 


By CHARLES H. HITCHCOCK, A. M., 
PROFESSOR OF GEOLOGY IN DARTMOUTH COLLEGE. 


EVENTY years ago, a student belonging to Williams College, 
while holding the plough in his father’s field at South Hadley, 
Massachusetts, turned over a flat slab of sandstone about three feet 
long. His attention was directed to what seemed to be a row of bird- 
tracks upon its surface. He had often noticed—as has every intelli- 
gent person—the impressions made by the feet of animals in the mud, 
upon the shores of rivers, lakes, and in the highway. But he had 
never before seen the imprint of an animal’s foot upon the solid rock, 
and had been taught to believe that the ledges were suddenly called 
into being by the Almighty without passing through a tedious formative 
process. Here, however, was a phenomenon not to be explained in 
accordance with the popular opinion—real footprints in the solid rock— 
and how came they there ? 

It was before the days of much geological knowledge, but Pliny 
Moody exercised a common-sense method of explaining what he saw ; 
for he concluded that these markings were made by some animal in 
an early period of the earth’s history. Nothing was more natural to 
him than to surmise that they were made during the earliest aqueous 
deposit of which he had heard—the muddy sediments left by the 
Noachian Deluge. Hence he pointed out these foot-marks to his 
friends—the specimen being utilized for a stepping-stone at his front- 
door—as having been made by Noah’s raven when wandering in search 
of dry land. The slab is still preserved, and the impressions appear 
to have been made by one of that remarkable group of animals which 
abounded in New England during the Triassic or New Red Sandstone 
period. 

Thirty-five years later, as Mr. W. W. Draper, of Greenfield, a village 
thirty miles farther north, was returning home from church, his atten- 
tion was arrested by the sliding of snow. from some large paving- 
stones leaning against a fence. As he turned his eyes, he saw a row 
of apparent ornithic impressions on the slab, shown very distinctly on 
account of the reflection of the sun’s rays from a wet surface. A 
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philosophic induction was the result of his observation, and he imme- 
diately remarked to his wife: “There are some turkey’s tracks made 
three thousand years ago!” 

These two minds, though untutored in scientific lore, each inde- 
pendently of the other, expressed that fundamental generalization of 
paleontology which has never been set aside, though wondrously am- 
plified and illustrated since that time: that these impressions were 
made by living animals in immensely remote periods, when the phys- 
ical geography of the country differed from what it is at present—that 
is to say, when the existing solid ledges were in the formative process. 

Mr. Draper soon communicated his views to his friends, especially 
to Captain John Wilson. Captain Wilson did the same to Dexter 
Marsh, and Mr. Marsh to the village physician, Dr. James Deane. All 
these gentlemen coincided with the theory of Mr. Draper, that the 
markings were turkey-tracks; but, as none of them were geologists, 
they felt the need of competent advice. Accordingly, Dr. Deane sent 
descriptions of the slabs to the State Geologist, the late Prof. Edward 
Hitcheock, of Amherst, urging him to come and examine them. A 
similar sketch was sent to the late Prof. Benjamin Silliman, of New 
Haven, who expressed no opinion about it, but wished Prof. Hitchcock 
to investigate the subject. As soon as it was convenient, this gentle- 
man went to Greenfield and examined the specimens. His acquaint- 
ance with geological literature and methods of investigation apprised 
him that this new theory, though plausible, must pass through a severe 
ordeal before it could be established. Not merely was it questionable 
whether footprints could be preserved for ages, but it was a monstrous 
assumption—unheard of in geological circles—to talk of birds as a 
part of the Triassic fauna! Such an announcement could not fail to 
evolve unanimous disapproval; and, if premature, if published with- 
out careful investigation, it might prove to be an egregious blunder, 
and haunt the unfortunate author through his lifetime. 

The scientific investigation of the subject having been thus ur- 
gently placed in Prof. Hitchcock’s hands by those immediately and 
remotely interested, he spent the summer of 1835 in studying the 
characters derived from the progression of animals, whether ‘birds or 
quadrupeds. Visits were made to all the sandstone-quarries in the 
Connecticut Valley, to menageries, museums, and libraries, thus in- 
suring the inspection of all slabs exhibiting similar impressions, an ex- 
amination of the feet of living animals, especially of those most nearly 
allied to the new forms, and the assurance that nothing similar had 
ever been found in any part of the world. The result of this pro- 
tracted investigation indicated the truth of the first surmises—that 
these impressions were actually made by the feet of birds in the Tri- 
assic period, A full account of the discoveries was published in Prof. 
Silliman’s magazine, the American Journal of Science and Art for 
January, 1836. Descriptions were given of seven species of avian im- 
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pressions, called Ornithichnites, or bird-tracks on stone. One of them 
was a foot of gigantic dimensions, not less than sixteen inches long, 
three times larger than its nearest living representative. It was no 
wonder that, in these early days, even the father of the science hesitated 
to admit these monsters into his ichnitic family, yet so exact are the 
laws of comparative anatomy, and so like the rows of impressions 
made by living feet were these giants, that a relationship to existing 
groups could be no longer denied. 

A few geologists accepted these doctrines immediately after their 
promulgation; but most of them, as well as the community in gen- 
eral, doubted whether the preservation of foot-marks were possible, 
and especially whether they could have been made by birds. Some 
thought the resemblance was fanciful; others that they were the re- 
mains of peculiar marine plants. The public mind, which had no sci- 
entific appreciation of the subject, saw abundant opportunity for wit- 
ticism, and did not spare the shaft of ridicule. The American Asso- 
ciation of Geologists and Naturalists at length appointed a committee 
to investigate the subject, including in the list both the friends and 
opponents of the new views. They visited Prof. Hitchcock in due 
time, explored the quarries, examined his specimens, and became con- 
vinced unanimously that his views were correct. Their report to the 
Association states that “the evidence entirely favors the views of 
Prof. Hitchcock, and they regret that a difference had existed, if they 
did not feel assured it would lead to greater stability of opinion.” 
This committee consisted of H. D. Rogers, E. Emmons, Lardner 
Vanuxem, Richard C, Taylor, and T. A. Conrad. 

The public generally acquiesced in the truth of this report; they 
ceased to ridicule, and began to believe that a new chapter in the 
earth’s history had been laid bare for perusal; great popular interest 
was excited in the foot-marks, and at the present day everybody has 
heard of the wonderful tracks upon stone in the Connecticut River 
Valley. The name of their principal expounder, who first published 
an account of them to the world, and waged a seven years’ contest 
with his compeers and the public on this account, has become indelibly 
associated with them. 

The results of Prof. Hitchcock’s researches have been published in 
two large quarto volumes entitled ‘“* The Ichnology of New England.” 
Of other publications, the “ Ichnographs” of the Connecticut sand- 
stone are worthy of notice as a monument to the memory of Dr. 
James Deane, whose early interest in the foot-marks never flagged, 
and who applied himself earnestly to the study of geology, so that his 
later writings have become invested with the authority of an able and 
accurate observer, 

Amherst College now possesses the unrivalled collection of ichnites 
collected by Prof. Hitchcock. They occupy a room 100 feet long and 
40 feet wide, and are more than 20,000 in number. 
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The first scientific publication concerning fossil foot-marks is con- 
tained in the Transactions of the Royal Society of Edinburgh in 1828, 
Six years later, Prof. Kaup described the tracks of the Cheirotherium, 
a beast with hands, upon Triassic sandstones inGermany. The animal 
must have equalled an ox in size, with hind-feet shaped like the human 
hand, which were about three times larger than the front-feet. He is 
generally supposed to have been a batrachian. The earliest descrip- 
tion of the American ichnites appeared in 1836. 

The Triassic formations on the Atlantic slope are disposed in long 
and narrow areas, These may correspond with the spaces occupied by 
estuaries before the deposition of the strata. We may suppose that 
an arm of the sea extended northerly from Long Island Sound to New 
Hampshire along the Connecticut Valley, possibly connecting, beneath 
the Sound and North River, with a similar estuary running southerly 
to Virginia. If we transport ourselves in imagination to these ancient 
shores, we shall see that the animals left their hiding-places and were 
traversing the soft mud laid bare by the ebbing tide,in search of food. 
The heat of a tropical sun quickly hardens the mud, so that the return- 
ing tide, in bringing a fresh deposit of mud, does not wash away the 
impressions already made on the lower layer, but carefully covers them 
over. The imprints have, therefore, become a species of mould into 
which another muddy fluid is poured, and by hardening is made to 
copy the foot-mark like a plaster cast. Hence, when artificially cleared, 
no matter how many ages subsequently, the strata will present to 
view the depressed print below and the cast of the foot above, both as 
perfect as the respective fineness of the mud and its degree of rapid 
induration by the sun will permit. This process of deposition may 
have been repeated, just as it may now be studied, in the Bay of 
Fundy, till the whole estuary was filled up, partly with fine mud and 
clay, partly with beds of sand and gravel, all more or less marked by 
the feet of animals, interspersed with voleanic beds of lava, tufa, and 
conglomerate, and rare chemical deposits of carbonate of lime, salt, 
and gypsum. 

The Jchnozoa, or the animals who made the tracks on stones in 
Triassic times, may be referred to several prominent divisions of the 
animal kingdom. The first, and highest in the scale, is a group of five 
species, remotely allied to marsupials, which, from their osseous remains 
found in Europe, we know must have flourished in that period. The 
most characteristic is a five-toed quadruped, about the size of a lion, 
whose foot is not unlike that of a carnivorous animal. The others had 
unequal feet, larger behind and smaller in front. The most important 
groups are those referred to birds, embracing thirty-four species ; 
equally divided between those related to the ostrich family—thick- 
toed—and those with long, slender toes, like the crane and heron, 
These are the impressions chiefly relied upon to prove the ornithic 
character of any of the Ichnozoa, as they show distinctly the phalangeal 
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joints of the toes, like the tracks of the ostrich, turkey, and our com- 
mon domestic fowls. The feet are invariably trifid, and the number 
of phalanges corresponds perfectly to that observed in the toes of all 
living birds, viz., three in the inner, four in the middle, and five in the 
outer toe, including the claws. The inner phalanges are united to the 
lower leg-bone abreast of each other, a little back of the middle one, 
and thus the imprint may also show rounded impressions made by the 
heel, which have been mistaken for phalangeal markings. This thick- 
toed group invariably took very long steps, corresponding well with 
the ordinary gait of their living representatives. One of them, with a 
foot less than three inches long, had a stride of 25 inches, showing 
a general structure like that of the waders. Moreover, the entire 
width of the track-way is scarcely greater than that of each individual 
foot, indicating a very narrow body, stilted high upon long legs. The 
smallest of this group may be compared with the living snipe; the 
largest, having a foot 18 inches long, must have equalled in size the 
largest of the recently-extinct birds of New Zealand, the Deinornis 
giganteus, 10 feet high. The principal genus is the Brontozoum (the 
animal giant); and of the thousands of examples of those yet ex- 
humed, not one shows any features in addition to those described, 
neither a fourth toe, the trace of a front-foot, nor any indication of a 
tail. Hence, though suggestions as to their reptilian character are 
abundant, we shall wait for proof that some distinct reptilian feature 
is joined to the ornithic, before allowing that the Brontozoum, or 
Grallator, were not true birds. 

But the next group gives evidences, neither scanty nor ambiguous, 
to prove the existence of a large number of “ ornithic reptiles,” or “ rep- 
tilian birds.” This order is now entirely extinct, and was first made 
known to the world by E. Hitchcock’s description of the “ ornithoid 
lizards, or batrachians.” He saw that some of the characters were 
ornithic, and that others were reptilian, so that he was compelled, 
though reluctantly, to refer them to an altogether new group of life. 
Since this reference, an abundance of discoveries has confirmed these 
views; and the name of Herpetoids has been suggested for them by 
Prof. Dana.” 

The general form of the animal was kangaroo-like, with enormous 
hind-limbs, a prominent tail, and small front extremities, which were 
rarely if ever brought to the ground so as to make an impression, The 
animal may often have walked only upon the trifid hind-feet, showing 
neither the front-feet, the long shin-bones, nor the caudal appendage. 
We have seen such rows of trifid impressions, 25 or 30 in number, 
which might hastily be referred to the feet of birds. But, though the 
general appearance is ornithic, and the number of phalanges agrees 
with those of birds, the thirty-first impression reveals a kangaroo-form 
on all-fours—two small five-toed feet in front, two trifid impressions 
of larger dimensions at the end of a long heel-mark behind, followed 
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by a heart-shaped print, or a trail, that has come from the caudal 
appendage. This remarkable quadrupedal display is succeeded by 
another row of trifid impressions; just as if the animal stopped to 
rest on his journey, and then resumed his line of march. 

Surely no one can doubt the quadrupedal character of this Anome- 
pus. Yet, it was not till after years of discussion and discovery had 
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elapsed that his true relationship was appreciated. The first-discov- 
ered rows were supposed to be ornithic, and it was these quadrupedal 
features that led some authors hastily to infer that all the trifid im- 
pressions were reptilian, or marsupial. The bipedal rows themselves 
offer two features distinguishing the most nearly-allied forms from the 
birds: first, the animals took very short steps; and, secondly, the 
great width of the track-way indicated a very broad body, probably 
inferior, in delicacy of organization, to that of birds. To these two 
invariable characters are commonly added a caudal trail, a fourth toe 
on an occasional front-foot impression, so that the study of a large 
suite of specimens will satisfy the most truthful observer that these 
animals were not birds. The total number of species of this character 
is 21. One of these equalled the largest Brontozoum in size, whose 
front-foot has not yet been found, though we have indications of a 
fourth toe behind, and a long, slender tail. 

It may not be out of place to allude briefly to the discoveries 
which have confirmed the existence of the group of ornithic reptiles. 
The first link in the series was furnished by the discovery of the nearly- 
complete skeleton of a bird related to the raven in the lithographic 
stone of the Jurassic series of Bavaria, called the Archeopteryx, A 
feather belonging to this genus was found in 1861, and described with 
great minuteness by Hermann von Meyer. Shortly afterward, An- 
dreas Wagner described the nearly-complete skeleton of an animal, to 
which were attached feathers like the one made known by Von Meyer. 
He valled the animal a flying reptile. Prof. Owen, of the British 
Museum, made a very thorough examination of the same specimen, 
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and perceived that the feathers corresponded with that named by Von 
Meyer. It seems to differ in only two particulars from ordinary birds: 
first, there are two fore-fingers, like hooks, projecting from the wings; 
and, secondly, the tail is shaped like that of the squirrel, with twenty 
vertebre ranged in a line, each with a pair of quill-feathers attached. 
These variations are not sufficiently great to render it necessary to re- 
move the Archeopteryx from the bird division, but they indicate in 


APCHEOPTERYX. 


what direction we are to expect a modification of the ornithic type, as 
it approaches the reptile. And it is in precisely these two respects 
that the Triassic Herpetoids differ from true birds. 

The second link was furnished by the structure of the feet and the 
ichnites of the Jgwanodon in England. Both pairs of limbs were ter- 
minated by three-toed feet, often of great size. Only two impressions 
appear, yet Prof. Owen supposes the tracks of the fore-feet were al- 
ways covered by the hind-feet. The largest of these impressions are 
28 inches long and 25 broad, and the stride sometimes reaches 46 
inches. This was the largest of all the English terrestrial herbivorous 
reptiles, and his impressions have been extensively collected near 
Hastings. 

The third link was furnished by the Hadrosaurus of New Jersey, 
the American representative of the Jguanodon. He appears to have 
had the general form of the kangaroo, enormous hind-limbs, termi- 
nated by trifid feet ; a powerful tail, almost rudimentary anterior ex- 
tremities, with a skull slightly ornithic, the height of the structure 
being from 12 to 15 feet. It is singularly like the Ichnozoa Gigan- 
titherium. In fact, if we may follow the fashionable creed of the day, 
it may be said that the New-Jersey Hadrosaurus was the lineal de- 
scendant of the Massachusetts Gigantitherium. 

For other links of this series it is only necessary to refer to the 
late publications of Cope, Huxley, Seely, Owen, Marsh, and other dis- 
tinguished paleontologists, in which are described nearly a score of 
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kangaroo-like reptiles flourishing, in the later Mesozoic times, in all 
quarters of the globe. All duis new forms present features clearly 
defining them from both birds on the one hand, and reptiles on the 
other, so that we are warranted in believing in the existence of gen- 
uine birds as well as of or- 
nithic reptiles in ichniferous 
times. 

The Triassic period was par 
excellence the Age of Reptiles. 
Besides the Ichnozoa, the mu- 
seums teem with specimens of 
fossil bones of various types of 
Amphibian, Batrachian, Croc- 
odilian, and Lacertilian forms. 
We should, therefore, natural- 
ly expect that a kangaroo- 
form of body was not indica- 
tive of marsupial structure, but 
rather a modification of reptil- 
ian, in the passage, if we may 
so speak, of the Lacertian to 
the Ornithic type. 

Twenty-one of the Connecr 
ticut ichnites have been re- 
ferred to the ordinary type of 
reptiles—the Lacertians—and 
six to the turtles. Perhaps 
the number of the former 
should be increased at the 
expense of the marsupials i 
and narrow-toed birds. The Any i ? 
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of march. It has, besides, a pte 
stout thumb, or spur, pointed 
inwardly. The track-ways of turtles show the trail of the tail, in ad- 
dition to a pair of feet on both sides. 

The group of Amphibians, chiefly batrachians, contains several of 
interest. Prominent among them is the Otozoum, a track discovered 
by Mr. Pliny Moody, the first person in the whole world who ex- 
humed an ichnite, so far as has been determined. The animal had a 
foot 20 inches long, very broad, perhaps web-footed, embracing not 
less than a square foot of surface. In shape it resembles the Cheiro- 
therium, only it had three fingers instead of four, with a thumb. One 
species has the thumb recurved, and the other shows it pointed direct- 
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ly forward, The front is about one-third the size of this large hind- 
foot, and the toes are arranged like those of the front-feet of the Her- 
petoids. One of the species seems to have had a long, slender tail, 
This batrachian must have been as large as an elephant, and exceeded 
in size every other animal among the Ichnozoa. Imagine a frog as 
large as an elephant, whether announcing the advent of spring by 
piping, croaking at night in the summer, or taking gigantic leaps after 
the manner of his modern representatives ! 

A very important character in the feet of frogs is the possession 
of pellets, or knobs, instead of claws, at the ends of the toes. These _ 
may be observed in the Otozoum, and all the other genera of this 
group. One genus resembles the Cheirotherium in form, but not in 
size, having a foot less than an inch long. None have the remarkably 
long middle toes on the hind-foot, so characteristic of living frogs. 

A small, living salamander has the posterior feet pointing back- 
ward; and, as he walks, the toes point away from the head. The 
track-way, therefore, consists of two parallel rows of footprints, half 
of each pointing forward and half directed backward. This salaman- 
der has its representative ichnozoan in the Stenodactylus, not varying 
essentially in size from it. 

One of the most interesting classes of batrachian impressions is 
called Batrachoides. They consist of numerous saucer-shaped hollows 
an inch in diameter, crowded together so thickly that the original oval 
outlines have become pentagonal. Not unfrequently these saucers are 
arranged in lines and squares, because parallel rows of ripple-marks 
were occupied by the animals in their construction, often covering sev- 
eral square yards of surface. 


BIFURCULIPES. 


Whether arranged in order or clustered helter-skelter, these im- 
pressions cannot be distinguished from the mud-nests made every sum- 
mer by existing tadpoles. Hence it is natural to suppose that the 
markings made at the different periods were produced by the same 
agency ; and, as we know the origin of the latter, we may infer how 
the first came upon the rocks. The chief difficulty in the way of ac- 
cepting this view lies in the perfect resemblance between them. If 
this doctrine is received, we must believe in the existence of tadpoles 
in the carboniferous rocks, because they contain similar relics. Those 
in the Triassic are remarkably distinct, making most beautiful speci- 
mens for the show-case. 

The reference of the next group to the class of fishes may excite 
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surprise, for it is commonly supposed that these animals never leave 
the water for the land, It has been ascertained by naturalists that 
certain varieties of tropical fish often leave the water, and walk, or 
rather hobble, on the shore, using their fins for legs. This they can do 
for days together. They have also been known to climb trees in 
search of sustenance. Their track-way would be peculiar, consisting 
of two rows of dots or round impressions, made by the prominent 
sharp spine of the fin, accompanied by various trails produced by the 
shorter rays, body, and tail. One species of the Jchnozoa has made 
a trail so much like the markings of these tropical fish that we must 
believe the Siluride had other representatives in the Triassic waters, 
Another impression seems to have been made by an ordinary fish 
striking his fins against the ridges between ripple-marks in very shal- 
low water. 

With considerable hesitation, thirty-four species of Jehnozoa may 
be referred to insects. These animals generally have six feet. If at- 
tention be paid to the manner in which the common fly walks, it will 
appear that every foot is brought to the ground, each in a different 
place, so that every extremity makes a mark. A fly that has been 
immersed in a colored fluid, and then travels over a sheet of white 
paper, will leave impressions as distinct as those found upon stone, 
and the colored track-ways must be our guides to the affinities of the 
ancient ichnites, like the Copeza. 
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Between these ancient and modern impressions it is difficult to find 
marked differences, except of size. Each displays two rows of im- 
pressions in groups of three, the several clusters alternating with one 
another. Of the three marks or lines in each cluster, the inner is al- 
most at right angles with the line of march, the central and outer 
point backward, the latter the most. 

We may suppose that each group of markings was made by the 
three feet on each side of the animal, the inner impressions by the 
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front pair of limbs, and the outer by the hindmost. Such groups 
would be preserved only under the most favorable circumstances. In 
many species the three pairs of legs might be of the same length, and 
two or more of the feet might tread upon the same spot, leaving but 
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asingle mark. Orthe mud may have varied in its capacity for retain- 
ing the impressions, so that one or more rows may be wanting. Such 
cases are common among the Jchnozoa, so that track-ways very dis- 
similar to the unpractised eye are referred to the same species. 

No attempt has been made to refer several ichnitic genera to the 
several orders of insects. With the small information now existing 
* respecting insectean locomotion, such reference would be premature. 
It is very obvious that the selection must be made from groups fre- 
quenting the sea-shore at low tide. 

Considering the lightness of these insects, or whatever animals 
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they may have been, it is remarkable that any part of these impres- 
sions should have been preserved. Only one good locality of them is 
known, upon a very fine-grained clayey rock, whose liquidity was suf- 
ficient to allow the marks to be made, and yet so solid that the heat 
of the sun evaporated the bulk of the water between the ebb and flow 
of a single tide. This locality is at the Lily Pond, Turner’s Falls, 
near Greenfield, Massachusetts. 
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As might be expected, there was a group of Crustaceans, animals 
who frequent the mud left at low tide. Their impressions have been 
left on the rocks from the dawn of the Paleozoic age to the very latest 
period. The famous Prototichnites of Canada upon the Potsdam sand- 
stone, so ably described by Logan and Owen, are generally thought 
to have been made by gigantic representatives of this class, though 
hardly by the Pterogotus form, as suggested by Salter and Woodward, 
because the latter were exclusively swimming animals. The Prototich- 
nites were not represented in the Trias, The forms preserved at Am- 
herst are peculiar, and not to be referred to any special order of 
Crustacea. One was a giant with a track-way 27 yards wide, and the 
idea suggested by its inspection is that of an animal with small body 
stilted high upon very long legs. 

Other species of J*hnozoa may have been Annelids, with their 
sinuous, fimbriated line of march, worms, mollusks, with single, double, 
or treble depressed lines, and various larval forms—whether like those 
crawling over the surface or making burrows in the mud, <A square 
rod of this Triassic surface will be as thoroughly carved by these 
various impressions, produced by the lower orders of animal life, as 
the same surface of the sea-shore in temperate or tropical climes at 
the present day. 

Thus this brief review of the different classes of Triassic Zehnozoa 
shows a natural assemblage, such as might be found associated in 
maritime districts. The huge birds associated with kangaroo-like 
forms reminds us immediately af the modern Australian realm, with 
the cassowaries and the long list of marsupials. Indeed, it would not 
be strange if the assemblage of life which first showed itself in the 
American Triassic estuaries had gradually migrated eastward over re- 
gions now covered by the Northern Atlantic, pushing farther and far- 
ther in each geological era till the wtima Thule of Australia is reached, 
where the modern representatives of the Jchnozoa were prevented from 
further migration by the termination of continental areas, Soon after 
its occupation, Australia must have been separated from the Asiatic 
Continent by a partial submergence, so that the peculiar fauna became 
restricted, and none of the animals could retrace their steps toward 
the setting sun, even if they desired. It may be, then, that historic 
Australia represents Triassic New England in its faunal peculiarities— 
terrestrial, but not maritime, since marine animals cannot so easily be 
restricted in their migrations or developments. 

Besides footprints, other markings on the Connecticut sandstone 
attract our attention. We observe the marks of rain-drops, ripples of 
the waves, shrinkage-cracks, broken bubbles arising from marsh-gas, 
septaria, rarely a shell, a possible echinoderm, coprolites of birds as 
determined by chemical analysis, a few reptilian bones, bark and cones 
of gymnosperms, besides other curious marine and terrestrial plants, 
remain. 
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The most interesting of these are the rain-drop impressions, particu- 
larly as they indicate the formation of the tracks of animals upon a 
surface not covered by water. Every rain-drop will leave a single 
round impression. They are preserved most perfectly when it barely 
sprinkles. Ina heavy or long-continued shower so many impressions 
are made that they coalesce and leave no distinct trace of their exist- 
ence. They might be said to resemble a chopped sea. None of the 
latter could be recognized upon the rock, even if they existed; but 
the sparsely-scattered impressions are abundantly, oftentimes elegantly, 
preserved, 

Furthermore, when rain-drops are blown by the wind, they must 
fall upon the mud at an acute angle, greater or less in proportion to 
the force of the current. When a small stream of water is made to 
fall upon a hard, flat surface, it will be deflected, rising at the same 
angle, thus giving origin to the philosophical statement that the angle 
of incidence is equal to the angle of reflection. This principle is only 
partially exemplified by the Triassic phenomena, as the rain-drop is 
simply elongated in the direction of the wind. But these features 
illustrate the force and direction of the wind and the amount of the 
rainfall, so that we see the weather-cock and the rain-gauge of these 
ancient times. We find the fact impressed upon the strata in the same 
locality of a change in the course of the wind, showers, and storms, 
with, of course, intervals of sunshiny weather. Surely, then, the 
primitive times witnessed the same alternations of storm and sunshine 
that prevail at present. 

The technical department of the science of Ichnology relates to a 
discussion of the characters derived from locomotion peculiar to each 
division of the animal kingdom. Certain distinctions are very obvious, 
such as the peculiarities of bipedal, quadrupedal, and multipedal loco- 
motion. Bipedal tracks are chiefly of man, birds, and occasionally of 
the kangaroo-forms. So readily can these be distinguished that defini- 
tions are superfluous. The quadrupeds display hand-like feet, as the 
monkeys, rounded toes and heels like the dog, hoofs either single or 
cloven, and long, slender toes, few or numerous. Others, like the 
turtle and lizards, would show two rows of impressions, with short or 
long steps, and an occasional caudal mark. The lower forms of life 
would display a great variety of trails, loops, and hops; raised bur- 
rows in the mud, or vertical holes, and others of endless diversity. It 
is unnecessary to specify further the various locomotive characters by 
which the different groups may be recognized. That such exist may 
be considered as proved—some of them of very precise application. 
Not less than thirty different locomotive characters are made use of in 
the description of the New England ichnitic fauna, Further investi- 
gations must add to their number and definiteness, and consequently 
to the value of ichnological studies. 

Cuvier has finely described the definiteness and certainty with 
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which we can infer the character of an animal from its track, though, 
when he wrote, fossil foot-marks were unknown. “ Any one,” says he, 
“who observes merely the print of a cloven hoof, may conclude that it 
has been left by a ruminant animal, and regard the conclusion as 
equally certain with any other in physics or morals. Consequently, 
this single footmark clearly indicates to the observer the forms of the 
teeth, of all the leg-bones, thighs, shoulders, and of the trunk of the 
body of the animal which left the mark. It is much surer than all the 
marks of Zadig.” 

The contemplation of fossil foot-marks may suggest important moral 
lessons. To leave their names inscribed on the world’s history is a 
universal desire of mankind. To accomplish this object, various 
methods have been devised; comfort, health, life, and even moral 
principle, have been sacrificed, and yet the actor has been unable to 
crawl into the remotest corner of history. There have been conquer- 
ors bathing their limbs in the blood of the slain; kings, who have 
erected towers, pyramids, and cities; authors, who have composed 
elaborate and learned treatises; gigantic intellects, who have moulded 
the characters of nations—and yet no traces of their individual names 
or memories remain to posterity. All of these may have spurned the 
reptiles crawling beneath their feet; yet the lower orders of animal 
life—such as flourished hundreds of thousands of years since, before 
the surface of the earth was fitted for the residence of man—have left 
memorials of their passage enduring and indelible. 

Those who would benefit their fellow-men need not despair. Those 
senseless tribes had only dead matter to work upon, and the touch of 
a hammer may ruthlessly destroy what has endured for ages, and it 
can never be repaired. But man can influence the living mind, im- 
parting lessons that will outlast, in their influence, both time and fate. 
Then let all our actions be upright, and we shall thus— 


—“ departing, leave behind us 
Footprints on the sands of time.” 





THE NATURE AND INFLUENCE OF FOODS.’ 
Br EDWARD SMITH, M. D., F. B.S. 


EFORE proceeding to consider the numerous foods which will 

come under review in the course of this work, it seems desirable 

to offer a few remarks of a general character on their nature and quali- 
ties, and the necessity for them. 

As a general definition, it may be stated that a food is a substance 


1 From the introductory chapter of the International Scientific Series, No. IIL, “On 
Foods.” 
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which, when introduced into the body, supplies material which renews 
some structure or maintains some vital process ; and it is distinguished 
from a medicine in that the latter modifies some vital action, but does 
not supply the material which sustains such action, 

This is certainly correct so far as relates to the substances which 
supply nearly all our nourishment, and which the Germans class under 
the term Nahrungsmittel, but there are certain so-called foods known 
as Genussmittel, which seem to form a connecting link, in that they in- 
crease vital actions in a degree far beyond the amount of nutritive 
material which they supply. They thus resemble certain medicines in 
their action, but, as they supply a proportion of nutritive material, 
they should be ranked as foods, 

It is essential to the idea of a food that it should support or in- 
crease vital actions ; while medicines usually lessen, but may increase, 
some of them. 

It is not necessary that a food should yield every kind of material 
which the body requires, for then one might suffice for the wants of 
man, but that it fulfils one or more of such requirements, so that by a 
combination of foods the whole wants of the body may be supplied. 
Neither is it essential that every food should be decomposed or broken 
up, and its elements caused to enter into new combinations when form- 
ing or maintainifg the structures of the body, since there are some 
which in their nature are identical with parts of the body, and, being 
introduced, may be incorporated with little or no change. 

But there are foods which are more valuable to the body than 
others, in that they supply a greater number of the substances which 
it requires, and such are known as compound foods, while others, 
which supply but one element, or which are incorporated without 
change, may be termed simple foods. Other foods are more valuable 
because they are more readily changed into the substance of the body, 
or act more readily and quickly in sustaining vital actions, and these 
may be called easily-digested or easily-assimilated foods. Others are 
preferred because they supply a greater quantity of useful nutriment 
at a less proportionate cost, and are known as economical foods ; and 
foods varying in flavor are classed as more or less agreeable foods. 

Some foods are classed according to the source whence they are de- 
rived, as animal and vegetable foods; and others according to the 
density of their substance, as fluid and solid foods. 

There are foods which nourish one part of the body only, and 
others which sustain one chief vital action, and are called flesh-form- 
ing or heat-forming foods, while others combine both qualities. 

Besides these larger divisions, there are qualities in foods which 
permit of further classification, such as those which render them par- 
ticularly fit for different ages, climates, and seasons, and others which 
possess a special character, as sweetness, acidity, or bitterness. 

There are also effects produced by foods apart from or in addition 
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to those of nutrition, which are not common to all; so that some 
foods more than others influence the action of the heart, lungs, skin, 
brain, bowels, or other vital organ, while others have antagonistic 
qualities, so that one may destroy certain effects of another. 

Foods are derived from all the great divisions of Nature and nat- 
ural products, as earth, water, and air, solids, liquids, and gases; and 
from substances which are living and organic, or inanimate and inor- 
ganic, The popular notion of food as a solid substance derived from 
animals and vegetables, while comprehensive, is too exclusive, since 
the water which we drink, the air which we breathe, and certain min- 
erals found in the substance of the earth, are of no less importance 
as foods. 

It is, however, of great interest to note how frequently all these 
are combined in one food, and how closely united are substances which 
seem to be widely separated. Thus water and minerals are found in 
both flesh and vegetables, while one or both of the component parts 
of the air, viz., oxygen and nitrogen, are distributed through every 
kind of food. Hence, not only may we add food to food to supply the 
wants of the body, but we may within certain limits substitute one for 
another as our appetites or wants demand. The necessity for this in 
the economy of Nature is evident, for, although a good Providence 
has given to man an almost infinite number of foods, all are not found 
everywhere, neither can any man obtain all foods found around him. 

Further, there seems to be an indissoluble bond existing between 
all the sources of food. There are the same classes of elements in 
flesh as in flour, and the same in animals as in vegetables. The vege- 
table draws water and minerals from the soil, while it absorbs and in- 
corporates the air in its own growth, and is then eaten to sustain the 
life of animals, so that animals gain the substances which the vege- 
table first acquired. But, in completing the circle, the vegetable re- 
ceives from the animal the air which was thrown out in respiration, 
and lives and grows upon it, and at length the animal itself, in whole 
or in part, and the refuse which it daily throws off, become the food 
of the vegetable. Even the very bones of an animal are by the aid 
of Nature og man made to increase the growth of vegetables, and 
really to enter into their structure; and, being again eaten, animals 
may be said to eat their own bones and live on their own flesh. Hence 
there is not only an unbroken circle in the production of food from 
different sources, but even the same food may be shown to be pro- 
duced from itself. Surely this is an illustration of the fable of the 
young pheenix arising from the ashes of its parent ! 

Food is required by the body for two chief purposes, viz., to gen- 
erate heat and to produce and maintain the structures under the in- 
fluence of life and exertion. The importance of the latter is the more 
apparent, since wasting of the body is familiarly associated with 
decay of life; but the former is so much the more urgent, that, whereas 
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the body may waste for a lengthened period and yet live, it rapidly 
dies when the source of heat is removed or even greatly lessened, 

The production of heat in the body, so wonderful in the process 
and amount, results only from the chemical combination of the ele- 
ments of food, whether on the minute scale of the atoms of the several 
tissues, or on the larger one connected with respiration, and is thence 
called the combustion of food. As familiar illustrations of the pro- 
duction of heat from chemical change, we may mention that, when 
cold oil of vitriol and cold water are added together, the mixture be- 
comes so hot that the hand cannot bear it, and the heating of hay- 
stacks, and also of barley in the process of malting, is well known, 
This action in the body is not restricted to changes in one element 
alone, but proceeds with all; yet it is chiefly due to a combination of 
three elements, viz., oxygen, hydrogen, and carbon, and requires for 
its support fat, starch, or sugar, or other digestible food composed of 
those substances, precisely as coal and wood supply fuel for fire with- 
out the body. 

This effect is made extremely striking, by Prof. Frankland, in the 
following table, which shows the amount of heat generated from so 
small a quantity as ten grains of certain foods during their complete 
combustion within the body, and the force which scientific calculations 
have shown to be equivalent to that amount of heat. The original 
quantity used by Prof, Frankland has been reduced by Dr. Letheby to 
ten grains, for the convenience of English readers: 








No. 1. 
In combustion raises Which is equal to! 
FOOD. | Ibs. of water 1de- | lifting Ibs, 1 foot 
gree Fahr. high. 
Be NE EF Ginn unc accde ic ccctcasess 13.12 | 10,128 
Oe  caiavavacicnsnicer 12.85 | 9,920 
- ? Rs aie cen candece 8.61 6,647 
as - Ss 0 6 ese se dncwe vane 10.06 7,766 
a = ene 18.68 14,421 
” - EE ic ndcnwesndan aw ek 20.91 16,142 











Thus we prove that an ounce of fresh lean meat, if entirely burned 
in the body, would produce heat sufficient to raise about 70 lbs. of 
water 1° Fahr., or a gallon of water about 7° Fahr. In like manner, 
one ounce of fresh butter would produce ten times that amount of 
heat ; but it must be added that, as the combustion which is effected 
within the body is not always complete, the actual effect is less than 
that now indicated, 

It may thus be shown that the division of foods into the two great 
classes of flesh-formers and heat-generators is not to be taken too in- 
cisively, for while a food is renewing flesh it also produces heat, and 
while the heat-generating food is acting it may also produce a part of 
flesh in the form of fat; but, although they are so closely associated 
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in their vital work, the leading characteristic of each kind is so 
marked as to warrant the classification which Liebig has formulated. 

It is understood that the structures of the body are in a state of 
continual change, so that atoms which are present at one hour may be 
gone the next, and, when gone, the structures will be so far wasted, 
unless the process of waste be accompanied by renewal. But the re- 
newing substance must be of the same nature as that wasted, so that 
bone shall be renewed by bone and flesh by flesh; and hence, while 
the body is always changing, it is always the same. This is the duty 
assigned to food—to supply to each part of the body the very same 
kind of material that is lost by waste. 

As foods must have the same composition as the body, or supply 
such other materials as by vital action may be transformed into the 
substances of the body, it is desirable to gain a general idea of what 
these substances are, 

The following is a summary statement of the principal materials 
of which the body is composed ; 

Flesh in its fresh state contains water, fat, fibrine, albumen, and 
gelatine, besides compounds of lime, phosphorus, soda, potash, magne- 
sia, silica, and iron, and certain extractives, 

Blood has a composition similar in elements to that of flesh. 

Bone is composed of cartilage, gelatine, fat, and salts of lime, mag- 
nesia, soda, and potash, combined with phosphoric and other acids. 

Cartilage consists of chondrine, which is like gelatine in composition, 
with salts of soda, potash, lime, phosphorus, magnesia, sulphur, and iron, 

The brain is composed of water, albumen, fat, phosphoric acid, os- 
mazome, and salts, 

The liver consists of water, fat, and albumen, with phosphoric and 
other acids in conjunction with soda, lime, potash, and iron, 

The lungs are formed of a substance resembling gelatine, albumen, 
a substance analogous to caseine, fibrine, various fatty and organic 
acids, cholesterine, with salts of soda, and iron and water. 

Bile consists of water, fat, resin, sugar, fatty and organic acids, 
cholesterine, and salts of potash, soda, and iron, 

Hence it is requisite that the body should be provided with salts 
of potash, soda, lime, magnesia, sulphur, iron, and manganese, as well 
as sulphuric, hydrochloric, phosphoric, and fluoric acids and water ; also 
nearly all the fat which it consumes daily, and probably all the nitro- 
genous substances which it requires, and which are closely allied in 
composition, as albumen, fibrine, gelatine, and chondrine. It can pro- 
duce sugar rapidly and largely, and fat slowly and sparely, from other 
substances ; also lactic, acetic, and various organic acids, and peculiar 
extractive matters, 

So great an array of mysterious substances might well prevent us 
from feeding ourselves or others if the selection of food depended 
solely upon our knowledge and judgment; but it is not so, for, inde- 
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pendently of the aid derived from our appetites, there is the great ad- 
vantage of having foods which contain a proportion of nearly all these 
elements ; and combinations of foods have been effected by experience 
which protect even the most ignorant from evil consequences. 

Thus flesh, or the muscular tissue of animals, contains precisely the 
elements which are required in our flesh-formers, and, only limited by 
quantity, our heat-generators also; and life may be maintained for 
very lengthened periods upon that food and water when eaten in large 
quantities. Seeing, moreover, that the source of flesh in animals which 
are used as food is vegetables, it follows that vegetables should have 
the same elements as flesh, and it is a fact of great interest that in 
vegetables we have foods closely analogous to the flesh of animals, 
Thus, in addition to water and salts, common to both, there is vegetable 
jelly, vegetable albumen, vegetable fibrine, and vegetable caseine, all 
having a composition almost identical with animal albumen, gelatine, 
chondrine, and caseine. 

IIence our appetites and the bountiful provision made for us ex- 
tend our choice to both the vegetable and animal kingdoms, and it is 
possible to find vegetable foods on which man could live as long as 
upon animal food alone. Bread is in vegetable foods that which flesh 
is in animal foods, and each within itself contains nearly all the ele- 
ments required for nutrition, 

When, however, we bring knowledge of a special kind to the aid 
of our appetites, we are able to discover both the deficiencies in any 
given food and the kind of food which would meet them. Thus a 
knowledge of the requirements of the system and of the available 
uses of food leads to the proper combinations of food, or to the con- 
struction of dietaries, 

We have thus placed face to face the requirements of the body and 
the qualities of the foods to be used to supply them, but it is of very 
common observation that the effect of the supply is but temporary, 
and needs renewal at definite periods. Hence we show that the needs 
of the body are tolerably uniform, while the effect of the supply is 
temporary, or that both the need and the supply are intermittent. 
This may be readily represented by showing the line of change in the 
degree of vital action on the body during the twenty-four hours, as pro- 
duced by my own investigations, and delineated in the graphic dia- 
grams of the present work. 

It is there illustrated that, during the repose of the night, the 
amount of vital action, as shown by the respiration and pulsation, is 
low and tolerably uniform, while under the influence of food it is high, 
and varies during the day extremely, but the general course is such 
that a large increase takes place after a meal, and a considerable de- 
crease before the following meal, This increase, followed by decrease, 
being due to the action of food, proves that the influence is temporary, 
and that after a sufficient interval another supply of food is required. 
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At the same time it must be allowed that the body is not entirely a 
passive agent subject to the controlling action of food, for no supply 
could prevent the vital actions subsiding at night, or make them equal 
both by night and day. 

There is a power inherent in the body which accepts or rejects food 
as to amount, as well as to quality, and which might at length act 
through the appetite, and refuse the kind supplied. Moreover, the 
wants of the body vary from many other well-known influences, and 
cause an increase or decrease in the vital actions which proceeds pari 
passu with the consumption of the transformed or stored-up food in a 
degree proportionate to the cause, but such effects are often more rapid 
and transitory than that of food. 

The variations in the requirement for food are induced by age, 
climate, season, and degree of exertion, and will be more fully dis- 
cussed in the work on Dietaries ; but it may now be desirable to give 
a glance at some of them. 

In reference to age, there can be no doubt that all vital processes, 
including the action of foods, are greater and more rapid in early, and 
less and slower in later, than in mature life, and in both the former a 
more frequent administration of food is necessary. In early life, more- 
over, there is the important function of growth, which demands a large 
and more frequent supply of food, not only for daily wants, but to 
promote a due increase in the bulk of the structures of the body. I 
have also shown that the season of the year has also a decided influ- 
ence over the vital actions, so that they are the greatest in the spring 
and the least at the end of summer. 

The action of climate is similar to that of season, and shows that 
the vital actions are greater in cold than in hot climates, and in the 
uplands than in close valleys. 

The influence of exertion over vital changes is immediate and pro- 
portionate, while the subsidence with the rest is less rapid than the in- 
crease. The following table of experiments upon myself shows the 
proportionate effect of exertion of varying degrees on the basis of the 
increased volume of air inspired: 


No. 6 
The lying posture . ° ° ° ° . ° ° . being 1 
The sitting posture ° ° ° ° ° ° . ° is 1.18 
Reading aloud or singing . ° ° ° . . ° ‘ “ 1,26 
The standing posture. ° ° ° . ° ° “ 1.88 
aang travelling in the Ist clase . ° ° ° . ° “ 1.40 
“ “ Qdelass .. “ 15 
* as upon the engine, at 20 to 30 miles per hour . “ 1.52 
“ “ “ “ 50 to 60 “a “ “ 1.55 
= es in the 83dclass_ ° ° “ 1.58 
” upon the engine, avenge of all apeote ‘ “ 1.58 
* “ = - at 40 to 50 miles perhour . “ 1.61 


oe os “ “ 80 to 40 “ “ “ 1.64 
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Walking in the sea ° , 

* on land at 1 mile per hour ° ° 1.9 
Riding on horseback at the walking pace . . ° 22 
Walking at 2 miles per hour . : ‘ ‘ ‘ ‘ 2.76 
Riding on horseback at the cantering pace : 3.16 
Walking at 3 miles per hour . ° ° . . 3.22 
Riding moderately. : ° 3.33 
Descending steps at 640 yards pe spendile ular per > hour ° 3.43 
Walking at 3 miles per hour and carrying 34 lbs. . 3.5 

“ - . o 62 lbs. . ° 3.84 
Riding on horseback at the trotting pace . . . . 4.05 
Swimming at good speed ° ° 4.33 
Ascending steps at 640 yards perpendicular per hour 4.4 
Walking at 3 miles per hour and carrying 118 Ibs, 4.75 

" 4 miles per hour ‘ ° ° ° 5.0 
The tread-wheel, ascending 45 steps per minute . ° 5.5 
Running at 6 miles per hour... , : ‘ ° ° ° 7.0 


Another table, from the same series of experiments, illustrates the 
same effect on the basis of the amount of carbonic acid evolved by 
respiration per minute : 

No. 7. 
In profound sleep, lying posture. ‘ 4.5 grains. 
In light sleep, - ° m 4.99 “ 
Searcely awake, 14 a. M. ‘ . ° . ba - 
: : : ° 5.94 “ 
6 “ . + ee * 


Walking at 2 miles per hour a . ° 18.1 7 
m > . ° ° ° ° ° - 25.83 


Tread-wheel, ascending 28.15 feet per minute . ‘ ° 43.36 


Thus it is possible that the amount of vital change proceeding in 
the body may be ten times greater in one state than in another, and it 
follows that a proportionate quantity of food will be required to sus- 
tain it. 


LUNAR TEMPERATURES. 


OETS have so long sung of the cold, chaste Moon, pallid with 
weariness of her long watch upon the Earth (according to the 
image used alike by Wordsworth and Shelley), that it seems strange to 
learn from science that the full moon is so intensely hot that no creat- 
ure known to us could long endure contact with her heated surface. 
Such is the latest news which science has brought us respecting our 
satellite. The news is not altogether unexpected ; in fact, reasoning 
had shown, long before the fact had been demonstrated, that it must 
be so. The astronomer knows that the surface of the moon is exposed 
during the long lunar day, lasting a fortnight of our terrestrial time, 
to the rays of a sun as powerful as that which gives us our daily heat. 
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Without an atmosphere to temper the sun’s heat as ours does—not, 
indeed, by impeding the passage of the solar rays, but by bearing 
aloft the cloud-veil which the sun raises from our oceans—the moon’s 
surface must become intensely hot long before the middle of the lunar 
day. Undoubtedly the want of an atmosphere causes the moon’s heat 
to be rapidly radiated away into space. It is our atmosphere which 
causes a steady heat to prevail on our earth. And at the summits of 
lofty mountains, where the atmosphere is rare, although the mid-day 
heat is intense, yet so rapidly does the heat pass away that snow 
crowns forever the mountain-heights. Yet, although the moon’s heat 
must pass away even more rapidly, this does not prevent the heating 
of the moon’s actual surface, any more than the rarity of the air pre- 
vents the Alpine traveller from feeling the action of the sun’s direct 
heat even when the air in shadow is icily cold. Accordingly, Sir John 
Herschel long since pointed out that the moon’s surface must be heated 
at lunar mid-day—or rather, at the time of lunar mid-heat, correspond- 
ing to about two o’clock in our afternoon—to a degree probably sur- 
passing the heat of boiling water. 

Such, in point of fact, has now been proved to be the case. The 
Earl of Rosse has shown, by experiments which need not here be de- 
scribed, that the moon not only reflects heat to the earth (which, of 
course, must be the case), but that she gives out heat by which she 
has been herself warmed, The distinction may not perhaps appear 
clear at first sight to every reader, but it may easily be explained and 
illustrated, If, on a bright summer’s day, we take a piece of smooth, 
but not too well polished, metal, and by means of it reflect the sun’s 
light upon the face, a sensation of heat will be experienced ; this is 
reflected sun-heat: but if we wait while so holding the metal until the 
plate has become quite hot under the solar rays, we shall recognize a 
sensation of heat from the mere proximity of the plate to the face, 
even when the plate is so held as not to reflect sun-heat. We can in 
succession try—first, reflected heat alone, before the metal has grown 
hot; next, the heat which the metal gives out of itself when warmed 
by the sun’s rays; and, lastly, the two kinds of heat together, when 
the metal is caused to refiect sun-heat, and also (being held near the 
face) to give out a sensible quantity of its own warmth. What Lord 
Rosse has done has been to show that the full moon sends earthward 
both kinds of heat; she reflects solar heat just as she reflects solar 
light, and she also gives out the heat by which her own surface has 
been warmed. 

It may perhaps occur to the reader to inquire how much heat we 
actually obtain from the full moon. There is a simple way of viewing 
the matter. Ifthe full moon were exactly as hot as boiling water, we 
should receive from her just as much heat (leaving the effect of our 
atmosphere out of account) as we should receive from a small globe 
as hot as boiling water, and at such a distance as to look just as large 
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as the moon does. Or a disk of metal would serve equally well. Now, 
the experiment may be easily tried. A bronze halfpenny is exactly 
one inch in diameter, and as the moon’s average distance is about 111 
times her own diameter, a halfpenny at a distance of 111 inches, or 
three yards and three inches, looks just as large as the moon. Now 
let a halfpenny be put in boiling water for a while, so that it becomes 
as hot as the water; then that coin taken quickly and set three yards 
from the observer will give out, for the few moments that its heat re- 
mains appreciably that of boiling water, as much heat to the observer 
as he receives from the full moon supposed to be as hot as boiling 
water. Or a globe of thin metal, one inch in diameter and full of 
water at boiling-heat, would serve as.a more constant artificial moon 
in respect of heat-supply. It need not be thought remarkable, then, 
if the heat given out by the full moon is not easily measured, or even 
recognized. Imagine how little the cold of a winter’s day would be 
relieved by the presence, in a room no otherwise warmed, of a one- 
inch globe of boiling water, three yards away! And, by-the-way, we 
are here reminded of an estimate by Prof. C. B, Smyth, resulting from 
observations made on the moon’s heat during his Teneriffe experiments. 
He found the heat equal to that emitted by the hand at a distance of 
three feet. 

But, after all, the most interesting results flowing from the recent 
researches are those which relate to the moon herself. We cannot but 
speculate on the condition of a world so strangely cireumstanced that 
a cold more bitter than that of our arctic nights alternates with a 
heat exceeding that of boiling water. It is strange to think that the 
calm-looking moon is exposed to such extraordinary vicissitudes, 
There can scarcely be life in any part of the moon—unless it be un- 
derground life, like that of the Modoc Indians (we commend this idea 
specially to the more ardent advocates of Brewsterian ideas respect- 
ing other worlds than ours), And yet there must be a singularly 
active mechanical process at work in yonder orb. The moon’s sub- 
stance must expand and contract marvellously as the alternate waves 
of heat and cold pass over it. The material of that crater-covered 
surface must be positively crumbling away under the effects of these 
expansions and contractions. The most plastic terrestrial substances 
could not long endure such processes, and it seems altogether unlikely 
that any part of the moon’s crust is at all plastic. Can we wonder 
_ if, from time to time, astronomers tell us of apparent changes in the 
moon—a wall sinking here, or a crater vanishing elsewhere? The 
wonder rather is, that the steep and lofty lunar mountains have not 
been shaken long since to their very foundations, 

Our moon presents, in fact, a strange problem for our investiga- 
tion. It is gratifying to us terrestrials to regard her as a mere satel- 
lite of the earth, but in reality she deserves rather to be regarded as 
companion planet. She follows a path round the sun which so nearly 
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resembles that pursued by the earth, in shape as well as in extent, 
that, if the two paths were traced down on a quarto sheet, it would 
not be easy to distinguish one from the other. Our earth is simply 
the largest, while the moon is the smallest of that inner family of 
worlds over which the sun bears special sway, nor does Mercury ex- 
ceed the moon to so great a degree in mass and in volume as the 
earth or Venus exceeds Mercury. Yet the moon, with her surface of 
14,000,000 square miles, seems to be beyond a doubt a mere desert 
waste, without air or water, exposed to alternations of heat and cold 
which no living creature we are acquainted with could endure; and 
notwithstanding her position as an important member of the solar 
system, as well as the undoubted fact that in her motions she obeys 
the sun in preference to the earth, she has nevertheless been so far 
coerced by the earth’s influence as to be compelled to turn always the 
same face toward her larger companion orb, so that not a ray from 
the earth ever falls upon fully 5,000,000 square miles of the farther 
lunar hemisphere. A waste of matter here, we might say, and a waste 
of all the energy which is represented by the moon’s motions, did we 
not remember that we can see but a little way into the plan of Crea- 
tion, and that what appears to us waste may in reality be an essential 
and important part of the great scheme of Nature.—Spectator. 





THE PROBLEMS OF THE DEEP SEA. 
By Pror. T. H. HUXLEY, LL. D., F.R.S. 


N the 21st of December, 1872, H. M. 8. Challenger, an eighteen- 
gun corvette, of 2,000 tons burden, sailed from Portsmouth har- 
bor for a three, or perhaps four, years’ cruise. No man-of-war ever 
left that famous port before with so singular an equipment. Two of 
the eighteen sixty-eight pounders of the Challenger’s armament re- 
mained to enable her to speak with effect to sea-rovers, haply devoid 
of any respect for science, in the remote seas for which she is bound ; 
but the main-deck was, for the most part, stripped of its warlike gear, 
and fitted up with physical, chemical, and biological laboratories ; 
photography had its dark cabin; while apparatus for dredging, 
trawling, and sounding ; for photometers and for thermometers, filled 
the space formerly occupied by guns and gun-tackle, pistols and cut- 
lasses, 

The crew of the Challenger match her fittings. Captain Nares, 
his officers and men, are ready to look after the interests of hydrog- 
raphy, work the ship, and, if need be, fight her as seamen should; 
while there is a staff of scientific civilians, under the genera! direction 
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of Dr. Wyville Thomson, F, R. 8. (Professor of Natural History in 
Edinburgh University by rights, but at present detached for duty in 
partibus), whose business it is to turn all the wonderfully-packed stores 
of appliances to account, and to accumulate, before the ship returns 
to England, such additions to natural knowledge as shall justify the 
labor and cost involved in the fitting out and maintenance of the ex- 
pedition. 

Under the able and zealous superintendence of the hydrographer, 
Admiral Richards, every precaution which experience and forethought 
could devise has been taken to provide the expedition with the ma- 
terial conditions of success ; and it would seem as if nothing short of 
wreck or pestilence, both most improbable contingencies, could pre- 
vent the Challenger from doing splendid work, and opening up a new 
era in the history of scientific voyages. 

The dispatch of this expedition is the culmination of a series of 
such enterprises, gradually increasing in magnitude and importance, 
which the Admiralty, greatly to its credit, has carried out for some 
years past; and the history of which is given by Dr. Wyville Thom- 
son in the beautifully-illustrated volume entitled “ The Depths of the 
Sea,” published since his departure : 


“Tn the spring of the year 1868, my friend Dr. W. B. Carpenter, at that 
time one of the vice-presidents of the Royal Society, was with me in Ireland, 
where we were working out together the structure and development of the 
Crinoids. I had long previously had a profound conviction that the land of 
promise for the naturalist, the only remaining region where there were endless 
novelties of extraordinary interest ready to the hand which had the means of 
gathering them, was the bottom of the deep sea. I had even had a glimpse of 
some of these treasures, for I had seen, the year before, with Prof. Sars, the 
forms which I have already mentioned, dredged by his son at a depth of 300 to 
400 fathoms off the Loffoden Islands. I propounded my views to my fellow- 
laborer, and we discussed the subject many times over our microscopes, I 
strongly urged Dr. Carpenter to use his influence at headquarters to induce the 
Admiralty, probably through the Council of the Royal Society, to give us the 
use of a vessel properly fitted with a dredging-gear and all necessary scientific 
apparatus, that many heavy questions as to the state of things in the depths of 
the ocean, which were still in a state of uncertainty, might be definitely set- 
tled. After full consideration, Dr. Carpenter promised his hearty coéperation, 
and we agreed that I should write to him on his return to London, indicating 
generally the results which I anticipated, and sketching out what I conceived 
to be a promising line of inquiry. The Council of the Royal Society warmly 
supported the proposal; and I give here in chronological order the short and 
eminently satisfactory correspondence which led to the Admiralty placing at 
the disposal of Dr. Carpenter and myself the gunboat Lightning, under the 
command of Staff-Commander May, R. N., in the summer of 1868, for a trial 
cruise to the north of Scotland, and afterward to the much wider surveys in 
H. M. 8. Porcupine, Captain Calver, R. N., which were made with the addi- 
tional association of Mr. Gwyn Jeffreys, in the summers of the years 1869 and 


1870,”"* 
“The Depths of the Sea,” pp. 49, 50. 
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Plain men may be puzzled to understand why Dr. Wyville Thom- 
son, not being a cynic, should relegate the “ Land of Promise” to the 
bottom of the deep sea; they may still more wonder what manner of 
“ milk and honey ” the Challenger expects to find; and their perplex- 
ity may well rise to its maximum, when they seek to divine the man- 
ner in which that milk and honey are to be got out of so inaccessible 
a Canaan. I will, therefore, endeavor to give some answer to these 
questions in an order the reverse of that in which I have stated them. 

Apart from hooks, and lines, and ordinary nets, fishermen have, 
from time immemorial, made use of two kinds of implements for get- 
ting at sea-creatures which live beyond tide-marks—these are the 
“dredge” and the “trawl.” The dredge is used by oyster-fishermen. 
Imagine a large bag, the mouth of which has the shape of an elon- 
gated parallelogram, and is fastened to an iron frame of the same 
shape, the two long sides of this rim being fashioned into scrapers. 
Chains attach the ends of the frame to a stout rope, so that when the 
bag is dragged along by the rope, the edge of one of the scrapers rests 
on the ground, and scrapes whatever it touches into the bag. The 
oyster-dredger takes one of these machines in his boat, and when he 
has reached the oyster-bed the dredge is tossed overboard; as soon as 
it has sunk to the bottom, the rope is paid out sufficiently to prevent 
it from pulling the dredge directly upward, and is then made fast 
while the boat goes ahead. The dredge is thus dragged along and 
scrapes oysters and other sea-animals and plants, stones, and mud into 
the bag. When the dredger judges it to be full he hauls it up, picks 
out the oysters, throws the rest overboard, and begins again. 

Dredging in shallow water, say ten to twenty fathoms, is an easy 
operation enough; but the deeper the dredger goes, the heavier must 
be his vessel, and the stouter his tackle, while the operation of hauling 
up becomes more and more laborious. Dredging in 150 fathoms is 
very hard work, if it has to be carried on by manual labor; but by 
the use of the donkey-engine to supply power,’ and of the contrivances 
known as “ accumulators,” to diminish the risk of snapping the dredge- 
rope by the rolling and pitching of the vessel, the dredge has been 
worked deeper and deeper, until at last, on the 22d of July, 1869, 
H. M. 8. Porcupine being in the Bay of Biscay, Captain Calver, her 
commander, performed the unprecedented feat of dredging in 2,435 
fathoms, or 14,610 feet, a depth nearly equal to the height of Mont 
Blane. The dredge “ was rapidly hauled on deck at one o’clock in 
the morning of the 23d, after an absence of 7} hours, and a journey of 


2 The emotional side of the scientific nature has its singularities. Many persons will 
call to mind a certain philosopher’s tenderness over his watech—“ the little creature ”— 
which was so singularly lost and found again, But Dr. Wyville Thomson surpasses the 
owner of the watch in his loving-kindness toward a donkey-engine. “This little engine 
was the comfort of our lives. Once or twice it was overstrained, and then we pitied the 
willing little thing, panting like an overtaxed horse.” 
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upward of eight statute miles,” with a hundred-weight and a half of 
solid contents. 

The trawl is a sort of net for catching those fish which habitually 
live at the bottom of the sea, such as soles, plaice, turbot, and gurnett. 
The mouth of the net may be thirty or forty feet wide, and one edge 
of its mouth is fastened to a beam of wood of the same length. The 
two ends of the beam are supported by curved pieces of iron, which 
raise the beam and the edge of the net which is fastened to it, for a 
short distance, while the other edge of the mouth of the net trails upon 
the ground, The closed end of the net has the form of a great pouch ; 
and, as the beam is dragged along, the fish, roused from the bottom 
by the sweeping of the net, readily pass into its mouth and accumu- 
late in the pouch at its end. After drifting with the tide for six or 
seven hours the trawl is hauled up, the marketable fish are picked 
out, the others thrown away, and the trawl sent overboard for another 
operation. 

More than a thousand sail of well-found trawlers are constantly 
engaged in sweeping the seas around our coast in this way, and it is 
to them that we owe a very large proportion of our supply of fish. 
The difficulty of trawling, like that of dredging, rapidly increases with 
the depth at which the operation is performed; and, until the other 
day, it is probable that trawling at so great a depth as 100 fathoms 
was something unheard of. But the first news from the Challenger 
opens up new possibilities for the trawl. 

Dr. Wyville Thomson writes (Vature, March 20, 1873): 


“ For the first two or three hauls in very deep water off the coast of Port- 
ugal, the dredge came up filled with the usual ‘ Atlantic ooze,’ tenacious and 
uniform throughout, and the work of hours, in sifting, gave the very smallest 
possible result. We were extremely anxious to get some idea of the general 
character of the Fauna, and particularly of the distribution of the higher 
groups; and, after various suggestions for moditication of the dredge, it was 
proposed to try the ordinary trawl. We had a compact trawl, with a 15-feet 
beam, on board, and we sent it down off Cape St. Vincent at a depth of 600 
fathoms, The experiment looked hazardous, but, to our great satisfaction, the 
trawl came up all right, and contained, with many of the larger invertebrata, 
several fishes. . . . After the first attempt we tried the trawl several times at 
depths of 1,090, 1,525, and, finally, 2,125 fathoms, and always with success.” 


To the coral-fishers of the Mediterranean, who seek the precious 
red coral, which grows firmly fixed to rocks at a depth of sixty to 
eighty fathoms, both the dredge and the trawl would be useless. 
They, therefore, have recourse to a sort of frame, to which are fastened 
long bundles of loosely-netted hempen cord, and which is lowered by 
a rope to the depth at which the hempen cords can sweep over the 
surface of the rocks and break off the coral, which is brought up en- 
tangled in the cords, A similar contrivance has arisen out of the 
necessities of deep-sea exploration. 
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In the course of the dredging of the Porcupine, it was frequently 
found that, while few objects of interest were brought up within the 
dredge, many living creatures came up sticking to the outside of the 
dredge-bag, and even to the first few fathoms of the dredge-rope. 
The mouth of the dredge doubtless rapidly filled with mud, and thus 
the things it should have brought up were shut out. To remedy this 
inconvenience Captain Calver devised an arrangement not unlike that 
employed by the coral-fishers. He fastened half a dozen swabs, such 
as are used for drying decks, to the dredge. A swab is something like 
what a birch-broom would be if its twigs were made of long, coarse 
hempen yarns. These dragged along after the dredge over the surface 
of the mud, and entangled the creatures living there—multitudes of 
which, twisted up in the strands of the swabs, were brought to the sur- 
face with the dredge, A further improvement was made by attach- 
ing a long iron bar to the bottom of the dredge-bag, and fastening 
large bunches of teased-out hemp to the end of this bar. These 
“tangles” brought up immense quantities of such animals as have 
long arms, or spines, or prominences which readily become caught in 
the hemp, but they are very destructive to the fragile organisms which 
they imprison ; and, now that the trawl can be successfully worked at 
the greatest depths, it may be expected to supersede them; at least, 
wherever the ground is soft enough to permit of trawling. 

It is obvious that between the dredge, the trawl, and the tangles, 
there is little chance for any organism, except such as are able to 
burrow rapidly, to remain safely at the bottom of any part of the sea 
which the Challenger undertakes to explore. And, for the first time 
in the history of scientific exploration, we have a fair chance of learn- 
ing what the population of the depths of the sea is like in the most 
widely-different parts of the world. 

And now arises the next question, The means of exploration be- 
ing fairly adequate, what forms of life may be looked for at these vast 
depths ? 

The systematic study of the Distribution of living beings is the 
most modern branch of Biological Science, and came into existence 
long after Morphology and Physiology had attained a considerable 
development. This naturally does not imply that, from the time men 
began to observe natural phenomena, they were ignorant of the fact 
that the animals and plants of one part of the world are different from 
those in other regions; or that those of the hills are different from 
those of the plains in the same region; or, finally, that some marine 
creatures are found only in the shallows, while others inhabit the 
deeps. Nevertheless, it was only after the discovery of America that 
the attention of naturalists was powerfully drawn to the wonderful 
differences between the animal population of the central and southern 
parts of the New World and that of those parts of the Old World which 
lie under the same parallels of latitude. So far back as 1667 Abraham 
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Mylius, in his treatise “ De Animalium origine et migratione populo- 
rum,” argues that, since there are innumerable species of animals in 
America which do not exist elsewhere, they must have been made and 
placed there by the Deity: Buffon no less forcibly insists upon the 
difference between the Faun of the Old and New World. But the 
first attempt to gather facts of this order into a whole, and to codrdi- 
nate them into a series of generalizations, or laws of Geographical 
Distribution, is not a century old, and is contained in the “Specimen 
Zoologie Geographice Quadrupedum Domicilia et Migrationes sis- 
tens,” published, in 1777, by the learned Brunswick professor, Eber- 
hard Zimmermann, who illustrates his work by what he calls a “Ta- 
bula Zoographica,” which is the oldest distributional map known to me. 

In regard to matters of fact, Zimmermann’s chief aim is to show 
that, among terrestrial mammals, some occur all over the world, while 
others are restricted to particular areas of greater or smaller extent ; 
and that the abundance of species follows temperature, being greatest 
in warm and least in cold climates. But marine animals, he thinks, 
obey no such law. The Arctic and Atlantic Seas, he says, are as full 
of fishes and other animals as those of the tropics. It is, therefore, 
clear that cold does not affect the dwellers in the sea as it does land 
animals, and that this must be the case follows from the fact that sea- 
water, “ propter varias quas continet bituminis spiritusque particulas,” 
freezes with much more difficulty than fresh water. On the other 
hand, the heat of the Equatorial sun penetrates but a short distance 
below the surface of the ocean. Moreover, according to Zimmermann, 
the incessant disturbance of the mass of the sea, by winds and tides, 
so mixes up the warm and the cold that life is evenly diffused and 
abundant throughout the ocean. 

In 1810, Risso, in his work on the Ichthyology of Nice, laid the 
foundation of what has since been termed “ bathymetrical ” distribu- 
tion, or distribution in depth, by showing that regions of the sea- 
bottom of different depths could be distinguished by the fishes which 
inhabit them. There was the Jittoral region between tide-marks with 
its sand-eels, pipe-fishes, and blennies ; the sea-weed region, extending 
from low water-mark to a depth of 450 feet, with its wrasses, rays, 
and flat-fish ; and the deep-sea region, from 450 feet to 1,500 feet or 
more, with its file-fish, sharks, gurnards, cod, and sword-fish, 

More than twenty years later, MM. Audouin and Milne Edwards 
carried out the principle of distinguishing the Faun of different zones 
of depth much more minutely, in their “Recherches pour servir 4 
lHistoire Naturelle du Littoral de la France,” published in 1832, 

They divide the area included between high-water mark and low- 
water mark of spring tides (which is very extensive, on account of 
the great rise and fall of the tide on the Normandy coast about St. 
Malo, where the observations were made) into four zones, each char- 
acterized by its peculiar invertebrate inhabitants. Beyond the fourth 
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region they distinguish a fifth, which is never uncovered, and is in- 
habited by oysters, scallops, and large starfishes and other animals, 
Beyond this they seem to think that animal life is absent.’ 

Audouin and Milne Edwards were the first to see the importance 
of the bearing of a knowledge of the manner in which marine ani- 
mals are distributed in depth, on geology. They suggest that, by this 
means, it will be possible to judge whether a fossiliferous stratum 
was formed upon the shore of an ancient sea, and even to determine 
whether it was deposited in shallower or deeper water on that shore ; 
the association of shells or animals which live in different zones of 
depth will prove that the shells have been transported into the posi- 
tion in which they are found; while, on the other hand, the absence 
of shells in a deposit will not justify the conclusion that the waters in 
which it was formed were devoid of animal inhabitants, inasmuch as 
they might have been only too deep for habitation. 

The new line of investigation thus opened by the French natural- 
ists was followed up by the Norwegian, Sars, in 1835, by Edward 
Forbes, in our own country, in 1840,’ and by C£rsted, in Denmark, a 
few years later. The genius of Forbes, combined with his extensive 
knowledge of botany, invertebrate zoology, and geology, enabled him 
to do more than any of his compeers in bringing the importance of 
distribution in depth into notice; and his researches in the A2gean 
Sea, and still more his remarkable paper “On the Geological Rela- 
tions of the Existing Fauna and Flora of the British Isles,” published 
in 1846, in the first volume of the “ Memoirs of the Geological Survey 
of Great Britain,” attracted universal attention. 

On the coasts of the British Islands, Forbes distinguishes four 
zones or regions, the Littoral (between tide-marks), the Laminarian 
(between low-water mark and 15 fathoms), the Coralline (from 15 to 50 
fathoms), and the Deep sea or Coral region (from 50 fathoms to beyond 
100 fathoms). But, in the deeper waters of the Aigean Sea, between 
the shore and a depth of 300 fathoms, Forbes was able to make out 


1 “Enfin plus bas encore, c’est-A-dire alors loin des cétes, le fond des eaux ne parait 
plus étre habité, du moins dans nos mers, par aucun de ces animaux” (I. c., tome i., p. 
237). The “ces animaux” leaves the meaning of the authors doubtful. 

* In the paper in the “Memoirs of the Survey” cited farther on, Forbes writes : 

“Tn an essay ‘On the Association of Mollusca on the British Coasts, considered with 
reference to Pleistocene Geology,’ printed in the Edinburgh Academic Annual for 1840, I 
described the mollusea, as distributed on our shores and seas, in four great zones or re- 
gions, usually denominated ‘ The Littoral Zone,’ ‘The region of Laminariz,’ ‘ The region 
of Corallines,’ and ‘The region of Corals.’ An extensive series of researches, chiefly 
conducted by the members of the committee appointed by the British Association to in- 
vestigate the marine geology of Britain by means of the dredge, have not invalidated this 
classification, and the researches of Prof. Lovén, in the Norwegian and Lapland Seas, 
have borne out their correctness. The first two of the regions above mentioned had 
been previously noticed by Lamouroux, in his account of the distribution (vertically) of 
sea-weeds, by Audouin and Milne Edwards in their ‘Observations on the Natural History 
of the Coast of France,’ and by Sars in the preface to his ‘ Beskrivelser og Jagttagelser.’” 
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no fewer than eight zones of life, in the course of which the number 
and variety of forms gradually diminished ; until, beyond 300 fathoms, 
life disappeared altogther, Hence it appeared as if descent in the sea 
had much the same effect on life as ascent on land, Recent investiga- 
tions appear to show that Forbes was right enough in his classification 
of the facts of distribution in depth as they are to be observed in the 
.«Egean ; and though, at the time he wrote, one or two observations 
were extant which might have warned him not to generalize too ex- 
tensively from his <2gean experience, his own dredging-work was so 
much more extensive and systematic than that of any other naturalist, 
that it is not wonderful he should have felt justitied in building upon 
it. Nevertheless, so far as the limit of the range of life in depth goes, 
Forbes’s conclusion has been completely negatived, and the greatest 
depths yet attained show not even an approach to a “ zero of life: ” 

“ During the several cruises of H. M. ships Lightning and Porcupine in the 
years 1868, 1869, and 1870,” says Dr. Wyville Thomson, * fifty-seven hauls of 
the dredge were taken in the Atlantic at depths beyond 500 fathoms, and six- 
teen at depths beyond 1,000 fathoms, and, in all cases, life was abundant. In 
1869 we took two casts in depths greater than 2,000 fathoms. In both of these 
life was abundant; and with the deepest cast, 2,435 fathoms, off the mouth of 
the Bay of Biscay, we took living, well-marked, and characteristic examples of 
all the five invertebrate sub-kingdoms. And thus the question of the existence 
of abundant animal life at the bottom of the sea has been finally settled and for 
all depths, for there is no reason to suppose that the depth anywhere exceeds 
between three and four thousand fathoms; and, if there be nothing in the con- 
ditions of a depth of 2,500 fathoms to prevent the full development of a varied 
Fauna, it is impossible to suppose that even an additional thousand fathoms 
would make any great difference.” ! 


As Dr. Wyville Thomson’s recent letter, cited above, shows, the 
use of the trawl, at great depths, has brought to light a still greater 
diversity of life. Fishes came up from a depth of 600 to more than 
1,000 fathoms, all “in a peculiar condition from the expansion of the 
air contained in their bodies, On this relief from the extreme press- 
ure, their eyes, especially, had a singular appearance, protruding like 
great globes from their heads.” Bivalve and univalve mollusca seem 
to be rare at the greatest depths ; but star-fishes, sea-urchins, and other 
echinoderms, zoophytes, sponges, and protozoa, abound. 

It is obvious that the Challenger has the privilege of opening a new 
chapter in the history of the living world. She cannot send down her 
dredges and her trawls into these virgin depths of the great ocean 


1“The Depths of the Sea,” p. 30. Results of a similar kind, obtained by previous 
observers, are stated at length in the sixth chapter, pp. 267-280. The dredgings carried 
out by Count Pourtales, under the authority of Prof. Peirce, the Superintendent of the 
United States Coast Survey, in the years 1867, 1868, and 1869, are particularly note- 
worthy, and it is probably not too much to say, in the words of Prof. Agassiz, “that we 
owe to the coast survey the first broad and comprehensive basis for an exploration of 
the sea-bottom on a large scale, opening a new era in zoological and geological research.” 
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without bringing up a discovery. Even though the thing itself may 
be neither “rich nor rare,” the fact that it came from that depth, in 
that particular latitude and longitude, will be a new fact in distribu- 
tion, and, as such, have a certain importance, 

But it may be confidently assumed that the things brought up will 
very frequently be zoological novelties; or, better still, zoological an- 
tiquities, which in the tranquil and little-changed depths of the ocean 
have escaped the causes of destruction at work in the shallows, and 
represent the predominant population of a past age. 

It has been seen that Audouin and Milne Edwards foresaw the gen- 
eral influence of the study of distribution in depth upon the interpre- 
tation of geological phenomena. Forbes connected the two orders of 
inquiry still more closely; and, in the thoughtful essay “On the Con- 
nection between the Distribution of the Existing Fauna and Flora of 
the British Isles, and the Geological Changes which have affected their 
Area, especially during the Epoch of the Northern Drift,” to which 
reference has already been made, he put forth a most pregnant sug- 
gestion. 

In certain parts of the sea-bottom in the immediate vicinity of the 
British Islands, as in the Clyde district, among the Hebrides, in the 
Moray Firth, and in the German Ocean, there are depressed arex, 
forming a kind of submarine valleys, the centres of which are froin 
80 to 100 fathoms, or more, deep. These depressions are inhabited by 
assemblages of marine animals, which differ from those found over the 
adjacent and shallower region, and resemble those which are met with 
much farther north, on the Norwegian coast. Forbes called these 
Scandinavian detachments “ northern outliers.” 

How did these isolated patches of a northern population get into 
these deep places? To explain the mystery, Forbes called to mind the 
fact that, in the epoch which immediately preceded the present, the 
climate was much colder (whence the name of “ glacial epoch” ap- 
plied to it); and that the shells which are found fossil, or sub-fossil, in 
deposits of that age are precisely such as are now to be met with only 
in the Scandinavian or still more arctic regions. Undoubtedly, during 
the glacial epoch, the general population of our seas had, universally, 
the northern aspect which is now presented only by the “northern 
outliers,” just as the vegetation of the land, down to the sea-level, had 
the northern character which is, at present, exhibited only by the 
plants which live on the tops of our mountains. But, as the glacial 
epoch passed away, and the present climatal conditions were developed, 
the northern plants were able to maintain themselves only on the 
bleak heights, on which southern forms could not compete with them. 
And, in like manner, Forbes suggested that, after the glacial epoch, 
the northern animals then inhabiting the sea became restricted to the 
deeps in which they could hold their own against invaders from the 
south, better fitted than they to flourish in the warmer waters of the 
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shallows. Thus depth in the sea corresponded, in its effect upon dis- 
tribution, to height on the land. 

The same idea is applied to the explanation of a similar anomaly 
in the Fauna of the Agean: 


“In the deepest of the regions of depth of the gean, the representation 
of a northern Fauna is maintained, partly by identical and partly by representa- 
tive forms. . . . The presence of the latter is essentially due to the law (of rep- 
resentation of parallels of latitude by zones of depth), while that of the former 
species depended on their transmission from their parent seas during a former 
epoch and subsequent isolation. That epoch was doubtless the newer Pliocene 
or Glacial Era, when the ya truncata and other northern forms now extinct 
in the Mediterranean, and found fossil in the Sicilian tertiaries, ranged into that 
sea. The changes which there destroyed the shallow-water glacial forms, did 
not affect those living in the depths, and which still survive.” * 


The conception that the inhabitants of local depressions of the sea- 
bottom might be a remnant of the ancient population of the area, 
which had held their own in these deep fastnesses against an invading 
Fauna, as Britons and Gaels have held out in Wales and in Scotland 
against encroaching Teutons, thus broached by Forbes, received a 
wider application than Forbes had dreamed of when the sounding ma- 
chine first brought up specimens of the mud of the deep sea. As I 
have pointed out elsewhere,’ it at once became obvious that the cal- 
careous, sticky mud of the Atlantic was made up, in the main, of shells 
of Globigerina and other Foraminifera, identical with those of which 
the true chalk is composed, and the identity extended even to the 
presence of those singular bodies, the coccoliths and coccospheres, the 
true nature of which is not yet made out. Here, then, were organisms, 
as old as the Cretaceous epoch, still alive, and doing their work of 
rock-making at the bottom of existing seas. What if Globigerina and 
the coccoliths should not be the only survivors of a world passed away, 
which are hidden beneath three miles of salt-water? The letter which 
Dr. Wyville Thomson wrote to Dr. Carpenter in May, 1868, out of 
which all these expeditions have grown, shows that this query had be- 
come a practical problem in Dr. Thomson’s mind at that time; and 
the desirableness of solving the problem is put in the foreground of 
his reasons for urging the government to undertake the work of ex- 
ploration : 


“Two years ago, M. Sars, Swedish Government Inspector of Fisheries, had 
an opportunity, in his official capacity, of dredging off the Loffoden Islands at a 
depth of 300 fathoms. I visited Norway shortly after his return, and had an 
opportunity of studying with his father, Prof. Sars, some of his results, Ani- 
mal forms were abundant; many of them were new to science; and among 
them was one of surpassing interest, the small crinoid, of which you have 
& specimen, and which we at once recognized as a degraded type of the 


* “Memoirs of the Geological Survey of Great Britain,” vol. i., p. 390. 
* “ Lay Sermons,” etc., “ On a Piece of Chalk.” 
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Apiocrinida, an order hitherto regarded as extinct, which attained its maximum 
in the Pear Encrinites of the Jurassic period, and whose latest representative 
hitherto known was the Bourguettocrinus of the chalk. Some years previously, 
Mr. Absjornsen, dredging in 200 fathoms in the Hardangerfjord, procured sev- 
eral examples of a star-fish (Brisinga), which seems to find its nearest ally in 
the fossil genus Protaster. These observations place it beyond a doubt that 
animal life is abundant in the ocean at depths varying from 200 to 300 fathoms, 
that the forms at these great depths differ greatly from those met with in or- 
dinary dredgings, and that, at all events, in some cases, these animals are closely 
allied to, and would seem to be directly descended from, the Fauna of the early 


tertiaries. 

“T think the latter result might almost have been anticipated; and, prob- 
ably, further investigation will largely add to this class of data, and will give 
us an opportunity of testing our determinations of the zoological position of 
some fossil types by an examination of the soft parts of their recent representa- 
tives. The main cause of the destruction, the migration, and the extreme 
modification of animal types, appears to be change of climate, chiefly depending 
upon oscillations of the earth’s crust. These oscillations do not appear to have 
ranged, in the northern portion of the Northern Hemisphere, much beyond 
1,000 feet since the commencement of the Tertiary epoch. The temperature 
of deep waters seems to be constant for all latitudes at 39°, so that an immense 
area of the North Atlantic must have its conditions unaffected by tertiary or 
post-tertiary oscillations.” * 


As we shall see, the assumption that the temperature of the deep 
sea is everywhere 39° Fahr. (4° Cent.) is an error, which Dr. Wyville 
Thomson adopted from eminent physical writers; but the general 
justice of the reasoning is not affected by this circumstance, and Dr. 
Thomson’s expectation has been, to some extent, already verified. 
Thus, besides Globigerina, there are eighteen species of deep-sea 
Foraminifera identical with species found in the chalk. 

Embedded in the chalky mud of the deep sea, in many localities, 
are innumerable cup-shaped sponges, provided with six-rayed silicious 
spicula, so disposed that the wall of the cup is formed of a lace-work 
of flinty thread. Not less abundant, in some parts of the chalk forma- 
tion, are the fossils known as Ventriculites, well described by Dr. 
Thomson as “elegant vases or cups, with branching, root-like bases, or 
groups of regularly or irregularly spreading tubes delicately fretted 
on the surface with an impressed net-work like the finest lace ;” and, 
he adds: “ When we compare such recent forms as Aphrocallistes, 
Iphiteon, Holtenia, and Askonema, with certain series of the chalk 
Ventriculites, there cannot be the slightest doubt that they belong to 
the same family—in some cases to very nearly-allied genera.” * 

Prof. Duncan finds “ several corals from the coast of Portugal more 
nearly allied to chalk-forms than to any others.” 

The stalked crinoids, or feather-stars, so abundant in ancient times, 
are now exclusively confined to the deep sea, and the late explorations 


*“The Depths of the Sea,” pp. 51, 52. * Tbid., p. 484. 
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have yielded forms of old affinity, the existence of which has hitherto 
been unsuspected. The general character of the group of star-fishes 
embedded in the white chalk is almost the same as in the modern 
Fauna of the deep Atlantic. The sea-urchins of the deep sea, while 
none of them are specifically identical with any chalk-form, belong to 
the same general groups, and some closely approach extinct cretaceous 
genera. 

Taking these facts in conjunction with the positive evidence of the 
existence, during the Cretaceous epoch, of a deep ocean where now 
lies the dry land of Central and Southern Europe, Northern Africa, 
and Western and Southern Asia; and of the gradual diminution of this 
ocean during the older Tertiary epoch, until it is represented at the 
present day by such teacupfuls as the Caspian, the Black Sea, and the 
Mediterranean; the supposition of Dr. Thomson and Dr, Carpenter 
that what is now the deep Atlantic was the deep Atlantic (though 
merged in a vast easterly extension) in the Cretaceous epoch, and that 
the Globigerina mud has been accumulating there from that time to 
this, seems to me to have a great degree of probability. And I agree 
with Dr, Wyville Thomson against Sir Charles Lyell (it takes two of 
us to have any chance against his authority) in demurring to the as- 
sertion that “to talk of chalk having been uninterruptedly formed in 
the Atlantic is as inadmissible in a geographical as in a geological 
sense,” 

If the word “ chalk” is to be used as a stratigraphical term and 
restricted to Globigerina mud deposited during the Cretaceous epoch, 
of course it is improper to call the precisely similar mud of more re- 
cent date chalk. If, on the other hand, it is to be used as a mineralo- 
gical term, I do not see how the modern and the ancient chalks are 
to be separated ; and, looking at the matter geographically, I see no 
reason to doubt that a boring-rod driven from the surface of the mud 
which forms the floor of the mid-Atlantic would pass through one con- 
tinuous mass of Globigerina mud, first of modern, then of tertiary, 
and then of mesozoic date; the “chalks ” of different depths and ages 
being distinguished merely by the different forms of other organisms 
associated with the Globigerine. 

On the other hand, I think it must be admitted that a belief in the 
continuity of the modern with the ancient chalk has nothing to do 
with the proposition that we can, in any sense whatever, be said to be 
still living in the Cretaceous epoch. When the Challenger’s trawl 
brings up an Ichthyosaurus, along with a few living specimens of Be- 
lemnites and Turrilites, it may be admitted that she has come upon a 
cretaceous “ outlier ;” but a geological period is characterized not only 
by the presence of those creatures which lived in it, but by the absence 
of those which have only come into existence later; and, however 
large a proportion of true cretaceous forms may be discovered in the 
deep sea, the modern types associated with them must be abolished 
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before the Fauna, as a whole, could, with any propriety, be termed 
Cretaceous. 


I have now indicated some of the chief lines of Biological inquiry, 
in which the Challenger has special opportunities for doing good 
service, and in following which she will be carrying out the work 
already commenced by the Lightning and Porcupine in their cruises 
of 1868 and subsequent years, 

But biology, in the long-run, rests upon physics, and the first con- 
dition for arriving at a sound theory of distribution in the deep sea 
is, the precise ascertainment of the conditions of life; or, in other 
words, a full knowledge of all those phenomena which are embraced 
under the head of the “ Physical Geography of the Ocean.” 

Excellent work has already been done in this direction, chiefly 
under the superintendence of Dr. Carpenter, by the Lightning and the 
Porcupine,’ and some data of fundamental importance to the physical 
geography of the sea have been fixed beyond a doubt. 

Thus, though it is true that sea-water steadily contracts as it cools 
down to its freezing-point, instead of expanding before it reaches its 
freezing-point as fresh water does, the truth has been steadily ignored 
by even the highest authorities in physical geography, and the erroneous 
conclusions deduced from their erroneous premises have been widely 
accepted as if they were ascertained facts. Of course, if sea-water, 
like fresh water, were heaviest at a temperature of 39° Fahr., and got 
lighter as it approached 32°, the water of the bottom of the deep sea 
could not be colder than 39°. But one of the first results of the care- 
ful ascertainment of the temperature at different depths, by means of 
thermometers specially contrived for the avoidance of the errors pro- 
duced by pressure, was the proof that, below 1,000 fathoms in the 
Atlantic, down to the greatest depths yet sounded, the water has a 
temperature yet lower than 38° Fahr., whatever be the temperature 
of the water at the surface. And that this low temperature of the 
deepest water is probably the universal rule for the depths of the open 
ocean is shown, among others, by Captain Chimmo’s recent observa- 
tions in the Indian Ocean, between Ceylon and Sumatra, where, the 
surface-water ranging from 85° to 81° Fahr., the temperature at the 
bottom, at a depth of 2,270 to 2,656 fathoms, was only from 34° to 
32° Fahr. 

As the mean temperature of the superficial layer of the crust of 
the earth may be taken at about 50° Fahr., it follows that the bottom 
layer of the deep sea in temperate and hot latitudes is, on the aver- 
age, much colder than either of the bodies with which it is in con- 
tact; for the temperature of the earth is constant, while that of the * 
air rarely falls so low as that of the bottom water in the latitudes in 
question; and, even when it does, has time to affect only a compara- 


* “Proceedings of the Royal Society,” 1870 and 1872. 
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tively thin stratum of the surface-water before the return of warm 
weather. 

How does this apparently anomalous state of things come about? 
If we suppose the globe to be covered with a universal ocean, it can 
hardly be doubted that the cold of the regions toward the poles must 
tend to cause the superficial water of those regions to contract and 
become specifically heavier. Under these circumstances, it would 
have no alternative but to descend and spread over the sea-bottom, 
while its place would be taken by warmer water drawn from the adja- 
cent regions. Thus, deep, cold, polar-equatorial currents, and super- 
ficial, warmer, equatorial-polar currents, would be set up; and, as the 
former would have a less velocity of rotation from west to east than 
the regions toward which they travel, they would not be due southerly 
or northerly currents, but southwesterly in the Northern Hemisphere, 
and northwesterly in the Southern; while, by a parity of reasoning, 
the equatorial-polar warm currents would be northeasterly in the 
Northern Hemisphere, and southeasterly in the Southern. Hence, as 
a northeasterly current has the same direction as a southwesterly 
wind, the direction of the northern equatorial-polar current in the 
extratropical part of its course would pretty nearly coincide with that 
of the anti-trade winds. The freezing of the surface of the polar sea 
would not interfere with the movement thus set up. For, however 
bad a conductor of heat ice may be, the unfrozen sea-water imme- 
diately in contact with the under surface of the ice must needs be 
colder than that farther off; and hence will constantly tend to descend 
through the subjacent warmer water. 

In this way it would seem inevitable that the surface-waters of the 
northern and southern frigid zones must, sooner or later, find their 
way to the bottom of the rest of the ocean; and there accumulate to 
a thickness dependent on the rate at which they absorb heat from the 
crust of the earth below, and from the surface-water above. 

If this hypothesis be correct, it follows that, if any part of the 
ocean in warm latitudes is shut off from the influence of the cold polar 
underflow, the temperature of its deeps should be less cold than the 
temperature of corresponding depths in the open sea. Now, in the 
Mediterranean, Nature offers a remarkable experimental proof of just 
the kind needed. It is a land-locked sea which runs nearly east and 
west, between the twenty-ninth and forty-fifth parallels of north lati- 
tude. Roughly speaking, the average temperature of the air over it 
is 75° Fahr. in July, and 48° in January. 

This great expanse of water is divided by the peninsula of Italy 
(including Sicily), continuous with which is a submarine elevation car- 
rying less than 1,200 feet of water, which extends from Sicily to Cape 
Bon in Africa, into two great pools—an eastern and a western. The 
eastern pool rapidly deepens to more than 12,000 feet, and sends off 
to the north its comparatively shallow branches, the Adriatic and the 





THE PROBLEMS OF THE DEEP SEA. 465 


Zigean Seas. The western pool is less deep, though it reaches some 
10,000 feet. And, just asthe western end of the eastern pool com- 
municates by a shallow passage, not a sixth of its greatest depth, 
with the western pool, so the western pool is separated from the 
Atlantic by a ridge which runs between Capes Trafalgar and Spartel, 
on which there is hardly 1,000 feet of water. All the water of the 
Mediterranean which lies deeper than about 150 fathoms, therefore, 
is shut off from that of the Atlantic, and there is no communication 
between the cold layer of the Atlantic (below 1,000 fathoms) and the 
Mediterranean. Under these circumstances, what is the temperature 
of the Mediterranean? Everywhere below 600 feet it is about 55° 
Fahr. ; and consequently, at its greatest depths, it is some 20° warmer 
than the corresponding depths of the Atlantic. 

It seems extremely difficult to account for this difference in any 
other way than by adopting the view so strongly and ably advocated 
by Dr. Carpenter, that, in the existing distribution of land and water, 
such a circulation of the water of the ocean does actually occur, as 
theoretically must occur, in the universal ocean, with which we started. 

It is quite another question, however, whether this theoretic circula- 
tion, true cause as it may be, is competent to give rise to such move- 
ments of sea-water, in mass, as those currents, which have commonly 
been regarded as northerly extensions of the Gulf Stream. I shall not 
venture to touch upon this complicated problem ; but I may take occa- 
sion to remark that the cause of a much simpler phenomenon—the 
stream of Atlantic water which sets through the Straits of Gibraltar, 
eastward, at the rate of two or three miles an hour or more, does not 
seem to be so clearly made out as is desirable. 

The facts appear to be that the water of the Mediterranean is very 
slightly denser than that of the Atlantic (1.0278 to 1.0265), and that 
the deep water of the Mediterranean is slightly denser than that of 
the surface; while the deep water of the Atlantic is, if any thing, 
lighter than that of the surface. Moreover, while a rapid superficial 
current is setting in (always, save in exceptionally violent easterly 
winds) through the Straits of Gibraltar, from the Atlantic to the Med- 
iterranean, a deep under-current (together with variable side-currents) 
is setting out through the Straits, from the Mediterranean to the At- 
lantic. 

Dr. Carpenter adopts, without hesitation, the view that the cause 
of this indraught of Atlantic water is to be sought in the much more 
rapid evaporation which takes place from the surface of the Mediter- 
ranean than from that of the Atlantic; and thus, by lowering the 
level of the former, gives rise to an indraught from the latter. 

But is there any sound foundation for the three assumptions in- 
volved here: Firstly, that the evaporation from the Mediterranean, 
as a whole, is much greater than that from the Atlantic under cor- 
responding parallels; secondly, that the rainfall over the Mediterra- 

VOL. 111.—80 . 
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nean makes up for evaporation less than it does over the Atlantic; 
and thirdly, supposing these two questions answered affirmatively : 
Are not these sources of loss in the Mediterranean fully covered by 
the prodigious quantity of fresh water which is poured into it by 
great rivers and submarine springs? Consider that the water of the 
Ebro, the Rhine, the Po, the Danube, the Don, the Dnieper, and the 
Nile, all flow directly or indirectly into the Mediterranean ; that the 
volume of fresh water which they pour into it is so enormous that 
fresh water may sometimes be baled up from the surface of the sea 
off the Delta of the Nile, while the land is not yet in sight; that the 
water of the Black Sea is half fresh, and that a current of three or 
four miles an hour constantly streams from it Mediterraneanward 
through the Bosporus; consider, in addition, that no fewer than 
ten submarine springs of fresh water are known to burst up in the 
Mediterranean, some of them so large that Admiral Smyth calls them 
“subterranean rivers of amazing volume and force;” and it would 
_ seem, on the face of the matter, that the sun must have enough to do 

to keep the level of the Mediterranean down; and that, possibly, we 
may have to seek for the cause of the small superiority in saline con- 
tents of the Mediterranean water in some condition other than solar 
evaporation. 

Again, if the Gibraltar indraught is the effect of evaporation, why 
does it go on in winter as well as in summer ? 

All these are questions more easily asked than answered ; but they 
must be answered before we can accept the Gibraltar stream as an 
example of a current produced by indraught, with any comfort. 

The Mediterranean is not included in the Challenger’s route, but 
she will visit one of the most promising and little explored of hydro- 
graphical regions—the North Pacific, between Polynesia and the 
Asiatic and American shores; and, doubtless, the store of observations 
upon the currents of this region, which she will accumulate, when 
compared with what we know of the North Atlantic, will throw a 
powerful light upon the present obscurity of the Gulf Stream prob- 
lem.— Contemporary Review. 


CONDENSED MILK IN ENGLAND. 


By Dr. EDWARD LANKESTER. 


HE importance of milk as an article of diet is so great that any 
thing offered as a substitute for it, or that renders it more avail- 

able as food, demands attention. The composition of cow’s milk is so 
nearly like woman’s milk that the addition of a little water and sugar 
may be said to convert the one into the other; hence the practice of 
giving cow’s milk to young children, and making it a substantial 
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article of their diet long after they have cut their teeth and are able 
to masticate bread and meat. No inconsiderable quantity of milk is 
also consumed by adults, and its nutritive effect is not exceeded by 
any article of diet, as it contains all the constituents that are neces- 
sary to the perfect nutrition of the human body. 

There are, however, several drawbacks in the use of cow’s milk 
which diminish its utility, limit its use, and sometimes render it dan- 
gerous. One of the great drawbacks in milk is its liability to decom- 
position, The sugar it contains becomes acid, the caseine separates in 
the form of curd, and a fermentation ensues which renders it unpleas- 
ant and sometimes even dangerous as an article of diet. The latter 
effect is seen more particularly in young children. During the sum- 
mer months they suffer extensively from diarrhea, and there is little 
doubt that this is largely due to the acidity of the milk which is given 
to them. Milk bought in the morning in London is frequently unfit 
to be used in the evening for the diet of infants. These changes in 
milk are hastened by the present system of bringing milk to London 
from a distance in cans, by which means it is shaken, and its tendency 
to change hastened. 

Another drawback in the use of milk is its liability to adulteration. 
Unfortunately, the agent by which milk is adulterated is easily acces- 
sible, and can be detected with great difficulty. We cannot instruct 
cooks and poor people in the use of lactometers and hydrometers by 
which the learned test milk ; moreover, the natural liability of milk to 
vary is very great. Thus the quantity of cream in milk received by 
the Aylesbury Condensed Milk Company varies from 9 to 17 per cent. 
Dr. Hassell states that the cream given by the milk of a cow, the milk 
of which he personally inspected, was but 44 per cent. Although, 
then, all milk containing less than 9 per cent. of cream may be sus- 
pected of adulteration, yet it may happen that a milk containing but 
4} per cent. may be really not adulterated with water at all. 

This varying quantity of cream also shows that, even when milk is 
not adulterated, it is liable to great variations in the quantity of 
cream which may be taken as the measure of its usefulness as an ar- 
ticle of food. 

Many attempts have been made to overcome these objections to 
the use of milk, and from time to time preparations of it have been 
sold by which freedom from acidity and adulteration is secured. The 
most available of these preparations have been those that submitted 
the milk to a process of evaporation by which more or less of the 
water naturally contained in milk is got rid of. By these processes 
the nutritive constituents of the milk are retained; the preparation 
keeps for some time, is easily conveyed from place to place, and, by 
the addition of water, milk, so to speak, is readily manufactured. None 
of these preparations, however, seemed to succeed till a process for 
making what is called “ condensed milk” was ‘ntroduced. Whether 
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America or Europe has the honor of the invention we need not dispute 
here. It is now made in this country by thousands of gallons daily, 
and its manufacture may be witnessed on a large scale at Aylesbury. 

Although the process of evaporating milk may be regarded as an 
exceedingly simple one, the attempt to carry it out at Aylesbury on a 
large scale has developed a complicated machinery in which steam- 
power is extensively used ; 200 persons are employed, and the milk of 
1,200 cows, each yielding 14 quarts, is daily evaporated. The milk 
used is brought from farms in the neighborhood in ordinary tin cans, 
Each can before it is sent to the factory is carefully tested by the taste 
and smell and the lactometer. Any doubtful specimens are set aside 
for reéxamination or rejection. The milk is then passed into a vacuum 
pan, and the vapor thus produced is carried off and condensed and 
thrown away. When the milk has acquired a proper consistence, it is 
mixed with sugar. This addition of sugar is the distinguishing feat- 
ure of the condensed-milk process. After this the milk is still further 
condensed till it reaches the required consistence, and is run off into 
the little tin cans which are so well known. The whole of these opera- 
tions are carried out with a regard for cleanliness which would look 
almost fastidious if it were not known that a single particle of decom- 
posing milk allowed to get into the receiving-pans might destroy the 
whole mass. Every can is returned thoroughly cleansed to the farmer 
who sends it, having been first submitted to hot water, then to a jet 
of steam, and then rinsed out by a jet of cold water. 

The condensed milk thus prepared is of a semi-liquid consistence, 
and can be taken out of a jar with aspoon. Several analyses of this 
milk have been made. The late Baron Liebig found that it contained— 


Water. ‘ ; " 
Solids 


100.00 


The Lancet has more recently published the following analysis: 


Moisture ‘ ° : 25.10 
Butter . 11.78 
Caseine , ; 15.17 
Milk-sugar ° ° 16.24 
Cane-sugar . > 29.46 
Ash ° . ° . ‘ 2.30 


100.00 


From these analyses it will at once be seen that the only percep- 
tible difference between condensed milk and ordinary milk is, that the 
former contains more sugar and less water than the latter. Both these 
things are necessary for attaining the objects for which condensed milk 
is manufactured. The diminution of the bulk of the water from 87 
per cent. in ordinary milk to 25 per cent. in the condensed secures 
diminution of the bulk of the milk, and thus renders transportation 
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comparatively easy. The condensed milk is easily converted to the 
condition of ordinary milk by the addition of either cold or hot water. 
The addition of the sugar is found to be necessary, in order to enable 
the other constituents to resist decomposition, Milk will keep any 
length of time when entirely desiccated, but, by the process of drying 
entirely, the milk loses its flavor and many of its properties. The 
semi-liquid condition of condensed milk prevents these changes, but 
in this state it is liable to decompose; hence the necessity of addi- 
tional sugar. 

The question arises as to whether this added sugar in any way in- 
terferes with the quality of the milk in its relation to the diet of in- 
fants or invalids. In comparing human milk with cow’s milk, we find 
that the latter contains more caseine and less sugar than the former, 
Hence, when given to children, it is customary to add a little water 
and a little sugar to make it like mother’s milk. This object is really 
effected by the addition of cane-sugar to the condensed milk, and it 
may, therefore, be unhesitatingly employed in the nursery as a substi- 
tute for ordinary cow’s milk. 

After a personal inspection of the Aylesbury manufactory, and a 
full consideration of the whole subject, we are quite prepared to say 
that, where good fresh cow’s milk is unattainable, as it is almost prac- 
tically so in our large towns, there is no substitute for it equal to con- 
densed milk. Nor is this a matter of theory ; hundreds of gallons are 
being used every day in London, and most of it under the direction 
of experienced medical men. One medical man assures us that he has 
a healthy, fine-grown child of ten months that has never taken any 
thing but condensed milk. As the diet of invalids, it may in some 
cases require watching when the action of sugar is injurious to the 
system ; but in these cases milk should be altogether interdicted. 

It is to be hoped that no disadvantage in the use of this agent has 
been overlooked, as the advantages of its use are so many and so ob- 
vious. It presents a pure form of milk in a condition in which it may 
be kept for any length of time, and is not injured by removal. It is 
always at hand night and day, and, by the addition of cold or hot 
water, can be converted into nutritious and wholesome food.— Nature. 





LOWLY VEGETABLE FORMS. 
By Rev. HUGH MACMILLAN, 


IFE is everywhere. “ Nature lives,” says Lewes; “every pore 

is bursting with life; every death is only a new birth; every 
grave acradle.” “The earth-dust of the universe,” says Jean Paul, 
“is inspired by the breath of the great God. The world is brimming 
with life ; every leaf on every tree is a land of spirits.” The tendency 
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to vegetate is a ceaseless power. It has been in operation from the 
earliest ages of the earth, ever since living beings were capable of ex- 
isting upon its surface ; and so active in the past history of the globe 
has been this tendency, that most of the superficial rocks of the earth’s 
crust are composed of the remains of plants. It operates with un- 
diminished and tireless energy still. Vegetation takes place upon 
almost every substance; upon the bark of trees, upon naked rocks, 
upon the roofs of houses, upon dead and living animal substances, 
upon glass when not constantly kept clean, and even on iron which 
had been subjected to a red heat a short time before. Zoologists tell 
us, when speaking of animalcules, that not a drop of stagnant water, 
not a speck of vegetable or animal tissue, not a portion of organic 
matter, but has its own appropriate inhabitants. The same may be 
said of plants; for we can hardly point to a single portion of the 
earth’s surface which is not tenanted by some vegetable form whose 
structure is wonderfully adapted to its situation and requirements. 
Even in the hottest thermal springs, and on the eternal snows of the 
arctic regions, peculiar forms of vegetation have been found. From 
the deepest recesses of the earth to which the air can penetrate, to the 
summits of the loftiest mountains; from the almost unfathomable 
depths of the ocean to the highest clouds; from pole to pole, the vast 
stratum of vegetable life extends ; while it ranges from a temperature 
of 35° to 135° Fabr., a range embracing almost every variety of con- 
ditions and circumstances. 

The most cursory and superficial glance will recognize in every 
scene a class of plants whose singular appearances, habits, and modes 
of growth, so prominently distinguish them from the trees and flowers 
around, that they might seem hardly entitled to a place in the vege- 
table kingdom at all. On walls by the wayside, on rocks on the bills, 
and on trees in the woods, we see tiny green tufts and gray stains, or 
party-colored rosettes spreading themselves, easily dried by the heat 
of the sun, and easily revived by the rain. In almost every stream, 
lake, ditch, or any collection of standing or moving water, we observe 
a green, slimy matter, forming a scum on the surface, or floating in 
long filaments in the depths. On almost every fallen leaf and de- 
cayed branch, fleshy, gelatinous bodies of different forms and sizes meet 
our eye. Sometimes all these different objects appear growing on the 
same substance. If we examine a fallen, partially-decayed twig, half- 
buried in the earth in a wood, we may find it completely covered with 
various representatives of these different vegetable growths; and 
nothing surely can give us a more striking or convincing proof of the 
universal diffusion of life. All these different plants belong to the 
second great division of the vegetable kingdom, to which the name of 
Cryptogamia has been given, on account of the absence, in all the 
members, of those prominent organs which are essential to the pro- 
duction of perfect seed. They are propagated by little embryo plants 
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called spores, or sporules, generally invisible to the naked eye, and 
differing from true seeds in germinating from any part of their surface 
instead of from two invariable points. Besides this grand distinguish- 
ing mark, they possess several other peculiar qualities in common. 
They consist of cells only, and hence are often called cellular plants, 
in contradistinction to those plants which are possessed of fibres and 
woody tissue. Their development is also superficial, growth taking 
place from the various terminal points; and hence they are called 
acrogens and thallogens, to distinguish them from monocotyledonous ° 
and dicotyledonous plants. Popularly, they are known as mosses, 
lichens, alge, and fungi. They open up a vast field of physiological 
research, They constitute a microcosm, a strange minute world un- 
derlying this great world of sense and sight, which, though unseen 
and unheeded by man, is yet ever in full and active operation around 
us, It is pleasant to turn aside for a while from the busy human 
world, with its ceaseless anxieties, sorrows, and labors, to avert our 
gaze from the splendors of forest and garden, from the visible display 
of green foliage and rainbow-colored blossoms around us, and con- 
template the silent and wonderful economy of that other world of 
minute or invisible vegetation with which we are so mysteriously re- 
lated, though we know it not. There is something exceedingly inter- 
esting in tracing Nature to her ultimate and simplest forms. The 
mind of man has a natural craving for the infinite. It delights to 
speculate either on the vast or the minute; and we are not surprised 
at the paradoxical remark of Linneus, that Nature appeared to him 
greatest in her least productions. 

These plants once occupied the foremost position in the economy 
of Nature. Like many decayed families whose founders were kings 
and mighty heroes, but whose descendants are beggars, they were 
once the aristocracy of the vegetable kingdom, though now reduced 
to the lowest ranks, and considered the canaille of vegetation. Geolo- 
gy reveals to us the extraordinary fact that one whole volume of the 
earth’s stony book is filled almost exclusively with their history. 
Life may have been ushered upon our globe through oceans of the 
lowest types of Conferve, long previous to the deposit of the oldest 
paleozoic rocks as known to us; and for myriads of ages these ex- 
tremely simple and minute plants may have represented the only idea 
of life on earth. But, passing from conjecture to the domain of estab- 
lished truth, we know of a certainty that, at least throughout the vast 
periods of the Carboniferous era, ferns, mosses, and still humbler plants, 
occupied the throne of the vegetable kingdom, and, by their countless 
numbers, their huge dimensions, and rank luxuriance, covered the 
whole earth with a closely-woven mantle of dark-green verdure—from 
Melville Island in the extreme north, to the islands of the Antarctic 
Ocean in the extreme south. The relics of these immense primeval 
forests, reduced to a carbonaceous or bituminous condition by the 
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secret resources of Nature’s laboratory, amid so many convulsions of 
the globe, are now buried deep in the bowels of the earth, packed 
into solid sandstone cases, and under huge shady covers, and stored 
up in the smallest compass by the mighty pressure of ponderous rock- 
presses, constituting the chief source of our domestic comfort, and of 
nearly all our commercial greatness. A coal-bed is, in fact, a Aortus 
siccus of extinct cryptogamic vegetation, bringing before the imagina- 
tion a vista of the ancient world, with which no arrangement of land- 
scape or combination of scenery cau now be compared; and, gazing 
upon its dusky contents, our minds are baffled in aiming to compre- 
hend the bulk of original material, the seasons of successive growth, 
and the immeasurable years or ages which passed while decay, and 
maceration, and chemical changes, prepared the fallen vegetation for 
fuel. If the specimens of plants, thus strangely preserved, teach us 
one truth more than another, it is this, that size and development are 
terms of no meaning when applied to a low or a high type of organi- 
zation. The Cryptogamia of the Old World, the earliest planting in 
the new-formed soil, are in bulk, as well as in elegance and beauty of 
form, unrivalled by the finest specimens of the modern forest. The 
little and the great, the recent and the extinct, were equally the ob- 
jects of Nature’s care, and were all modelled with a skill and finish 
that left nothing to be added. 

And as in early geological epochs they occupied so conspicuous a 
position, so now in the annals of physical geography they are entitled 
to a prominent place. With the exception of the grasses—Nature’s 
special favorites—they are the most abundant of all plants, possessing 
inconceivable myriads of individual representatives in every part of 
the globe, from which unfavorable conditions exclude all other vegeta- 
tion; and thus they contribute, far more than we are apt from a super- 
ficial observation to imagine, to the picturesque and romantic appear- 
ances exhibited by scenery, and to the formation of that richly-woven 
and beautifully-decorated robe of vegetation which conceals the ghast- 
ly skeleton of the earth, and hides from our view the rugged outlines 
and primitive features of Nature. They are the first objects that 
clothe the naked rocks which rise above the surface of the ocean ; and 
they are the last traces of vegetation which disappear under degrees 
of heat and cold fatal to all life. Their structure is so singularly 
varied and plastic, that they are adapted to every possible situation. 
In every country they form an important element in the number of 
plants, the proportion to flowering plants decreasing from and increas- 
ing toward the poles. Taking them as a whole, and in regard to their 
size, they occupy a larger area of the earth’s surface than any other 
kind of vegetation. There are immense forests of trees here and there 
in different countries, realizing Cowper’s wish for “a boundless con- 
tiguity of shade ;” there are vast colonies of flowering plants; but the 
range of the most ubiquitous tree or flower is vastly inferior to that of 
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some of the humblest lichens and mosses, Although these plants 
occupy but a very subsidiary and unimportant position among the 
vegetation which surrounds us in our daily walks, and are concealed 
in isolated patches in the woods and fields by the luxuriance of higher 
and more conspicuous plants, yet they constitute the sole vegetation 
of very extensive regions of the earth’s surface. Every part of the 
globe, within a thousand feet of the line of perpetual snow, is redeemed 
from utter desolation by these plants alone. Above the valleys and 
the lower slopes which form the step of transition from plain to moun- 
tain—inhabited by prosperous and civilized nations—is the domain of 
mist and mystery, the region of storm—a world which is not of this 
world, where God and Nature are all in all, and man is nothing ; and in 
this unknown region there are immense tracts familiar to the eye of 
wild bird, to the summer cloud, the stars and meteors of the night— 
strange to human faces and the sound of human voices, where the 
lichen and the moss alone luxuriate and carpet the sterile ground. 
The grandest and sublimest regions of the earth are adorned with gar- 
lands of the minutest and humblest plants; they are the tapestry, the 
highly-wrought carpeting laid down in the vestibules of Nature’s pal- 
aces. If we look at a map of the world, we see that Europe and Asia 
are held together as it were by a huge ridge or backbone of moun- 
tain-elevation, which, although suffering partial interruption, may be 
roughly described as continuous from one ocean to another. It begins 
with the mountains of Biscay in Spain, passes on through the Pyrenees, 
with a slight interruption, into the Alps, which throw off the important 
spur or rib of the Apennines; thence it divides into the Balkan and 
Carpathians. We trace the chain next in the Caucasus and the moun- 
tains of Armenia—with the interruption of the Caspian Sea—passing 
into the Hindoo Coosh and the Himalaya Mountains, whence the 
chain forks and takes a direction north and south, enclosing like walls 
the whole delta of China, and thence dips into the eastern ocean. In 
Africa also, at its widest part, there is a similar backbone, beginning 
not far from Sierra Leone, and losing itself in the east in the moun- 
tains of Abyssinia; while in America the mountain-spine trends north 
and south from the Hudson’s Bay territories, through the Rocky 
Mountains, uninterruptedly through the Isthmus of Panama, along the 
Andes to the Straits of Magellan. These vast mountain-systems, with 
their culminating regions in the Andes, Alps, and Himalayas, and 
their subsidiary branches or ribs in the Grampians, Dovrefields, Ural, 
and Atlantic ranges, are clothed on their sides, summits, and elevated 
plateaus, almost exclusively with cryptogamic vegetation, and enable 
us to form some conception of the immense altitudinal range of these 
plants. Then there are whole islands in the Arctic and Antarctic 
Oceans whose vegetation also is almost entirely cellular. The north- 
ern portion of Lapland, the continent of Greenland, the large islands 
of Spitzbergen, Nova Zembla, and Iceland, the extensive territories 
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of the Hudson’s Bay Company, the enormous tracts of level land 
which border the Polar Ocean from the North Cape to Behring’s 
Straits, across the north of Europe and Asia, and from Behring’s 
Straits to Greenland, across the north of America, a stretch of many 
thousands of miles; all these immense areas of the earth’s surface— 
where not a tree, nor a shrub, nor a flower is seen, except the creeping 
arctic willow and birch, and the stunted moss-like saxifrage and scurvy- 
grass—are covered with fields of lichens and mosses, far exceeding 
any thing that can be compared in that respect among phanerogamous 
plants. Thus, to the rugged magnificence of Alpine scenery, and the 
dreary isolation and uniformity of the arctic steppes, and the bound- 
less wastes of brown desert and misty moorland, to these great outlets 
from civilization and the tameness of ordinary life, which allow the 
soul to expand and go out in sublime imaginings toward the infinity 
of God, these humble plants form the sole embellishments. 

So much for the distribution of these plants on the land; their 
range in the waters is still more extensive. Lichens and mosses cover 
the waste surfaces of the earth; diatoms and conferve are everywhere 
miraculously abundant in the waters—in rivers and streams, in ditches 
and ponds, alike under the sunny skies of the south, and in the frozen 
regions of the north; on the surface of the sea in floating meadows, 
and in the dark and dismal recesses of the ocean only to be explored 
by the long line of the sounding-lead. The ocean swarms with innu- 
merable varieties, without their presence being indicated by any discol- 
oration of the fluid. The Arctic and Antarctic Oceans, covering areas 
larger than the Continents of Europe and Asia, are peopled by myriads 
of diatoms; various inland seas and lakes are tinged of different hues 
by their predominance in the waters; while it has been ascertained, 
from the soundings obtained during the investigations connected with 
laying the electric telegraph-cable between Ireland and Newfound- 
land, that the floor of the Atlantic is paved many feet deep with their 
silicious shields, preserving in all their integrity their wonderful shapes, 
notwithstanding their extreme delicacy and minuteness, and the enor- 
mous pressure of the vast body of water which rests above them. 
Such is the wide space which these organisms occupy in the fields of 
Nature—a prominence which is surely sufficient to redeem them from 
the charge of insignificance. They are inferior in majesty of form to 
palms and oaks, but in their united influence it is not too extravagant 
to say that they are not less important than the great forests of the 
world. 

This vast profusion of minute and humble vegetable life serves the 
obvious purpose of preparing the way for higher orders of vegetation. 
Nature is incessantly working out vast ends by humble and scarcely 
recognizable means. The features of the earth are being continually 
altered by the germination and dispersion of the alge, mosses, and 
lichens, “Bare and sterile mountains are clothed with verdure; rocks 
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are mouldering into soil; seas are filling up; rivers and streams are 
continually shifting their outlines; and lakes are converted into fertile 
meadows and the sites of luxuriant forests, by means of the vast armies 
of Nature’s pioneers. Hard inorganic matters are reduced to impalpa- 
ble atoms ; waters and gases are decomposed and moulded into new 
forms and substances having new properties, by vegetable growth. 
Minute as these plants are, they are intimately related to the giant 
forms of the universe. It has been observed that as the great whole 
is indissolubly connected with its minutest parts, so the germination 
of the minutest lichen and the growth of the simplest moss are directly 
linked with the grandest astronomical phenomena; nor could the 
smallest fungus or conferva be annihilated without destroying the 
equilibrium of the universe. It is with organic Nature as with the 
body politic or the microcosm of the human frame, if “ one member 
suffer all the members suffer with it,” and the loss of one class or order 
would involve that of another, till all would perish. Our comfort and 
health, nay our very existence, more or less immediately depend on the 
useful functions which they perform. Before we can have the wheat 
which forms our daily bread, or the grass which yields us, through the 
instrumentality of our herds, our daily supply of animal food, or the 
cotton and lint which form our clothes, countless generations of lichens 
and mosses must have been at work preparing a soil for the growth of 
the plants which produce these useful materials. And as on the dry 
land, so in the great waters, this wonderful chain of connection exists 
in all its complexity. Before the reader can peruse these pages by the 
light of the midnight lamp, or the gay party can indulge their revels 
under the brilliant glare of spermaceti tapers, myriads of minute dia- 
tomsand Conferva, floating in the waters of the sea, must have formed 
a basis of subsistence for the whales and seals whose oil is employed 
for these purposes, Man’s own structure is nourished and built up by 
the particles which these active plants have rescued from the mineral 
kingdom, and which once circulated through their simple cells; and 
thus the highest and most complex creature, by a vital sympathy and 
a close physical relation, is connected with the lowest and simplest 
organism, to teach him humility, and inspire him with a deep interest 
in all the works of his Maker! 
“ Nothing in this world is single; 


All things, by a law divine, 
In one another’s being mingie.” 


It may be asked by a class of individuals, unfortunately too nu- 
merous, What is the use of these minute plants? In the business lan- 
guage of the world things are called useful when they promote the 
profit, convenience, or comfort, of every-day life; and useless when 
they do not promote, or when they hinder, either of these desired ends, 
But this definition is extremely partial and one-sided. There are 
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higher purposes to serve in this world than mere subservience to the 
physical wants of man. There is a much higher utility than the 
mere temporary and worldly one. The useful things of external life, 
indeed, should not be undervalued ; they are the first things required, 
but they are not the sole or the highest things necessary. Man must 
have food and clothing in order to live; but it must also be remem- 
bered that man does not live by bread and the conveniences of exter- 
nal life alone. When any one does live by these alone, he has for- 
feited his claim to the higher form of life which is his glorious privi- 
lege, and by which he is distinguished from the lower animals. Na- 
ture throughout her whole wide domains gives no countenance to such 
a materialistic exclusiveness, She is at once utilitarian and transcen- 
dental, Uses and beauties intermingle. All that is useful is around 
us; but how much more is there besides? There is a strange supertlu- 
ous glory in the summer air; there is marvellous beauty in the forms 
and hues of flowers; there is an enchanting sweetness in the song of 
birds and the murmur of waters; there are a divine grandeur and love- 
liness in the landscapes of earth and the scenery of the heavens, the 
changes of the seasons, the dissolving splendors of morning, noon, sun- 
set, and night, utterly incomprehensible upon the theory of Nature’s 
exclusive utilitarianism. ‘The tree which shades the wayfarer in the 
noontide heat adorns the landscape ; and the flower which gives honey 
to the bee sheds its perfume on the air. A leaf no less than a flower 
fulfils the functions of life, ministers to the necessities of man, yet 
clothes itself, and adorns the earth in tapestries richer than the robes 
of kings.” All things proclaim that the Divine Architect, while am- 
ply providing for the physical wants of his creatures, has not forgot- 
ten their spiritual necessities and enjoyments ; and, having implanted 
in the human soul a yearning for the beautiful, has surrounded us with 
a thousand objects by whose charms that yearning may be gratified. 
And one of the most striking examples of this Divine care is to be seen 
in the profusion of minute objects spread around us, which apparently 
have no direct influence at all upon man’s physical nature, and have 
no connection with his corporeal necessities. These objects, subserv- 
ing no gross utilitarian purpose, are intended to educate man’s spirit- 
ual faculties by the beauties of form, the wonders of structure, and the 
adaptations of economy which they display. Their beauty is sufficient 
reason for their existence, were there no other. When their varied and 
exquisitely symmetrical forms are presented to the eye under the mi- 
croscope, a thrill of pleasure is experienced, calm and pure, because 
free from all taint of passion, and felt all the more intensely because 
nameless and indefinite. We are brought face to face with perfection 
in its most wonderful aspect—the perfection of minuteness and detail ; 
with objects which bear most deeply impressed upon them the signet- 
mark of their Maker; and we observe with speechless admiration that 
the Divine attention is acuminated and his skill concentrated on these 
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yital atoms; the last visible organism vanishing from our view with 
the same Divine glory upon it, as the last star that glimmers out of 
sight on the remotest verge of space. 

These organisms further justify their existence to the utilitarian, 
inasmuch as their study is well calculated to exercise an educational 
influence which should not be overlooked or despised. While they 
try the patience, they exercise the faculties by forcing attention upon 
details. Their minuteness, their general resemblance to each other, 
their want in many cases of very prominent or marked characteristics, 
render it a somewhat difficult task to identify them. Long hours may 
often be spent in ascertaining the name of a single species, and assign- 
ing it its proper place in the tribe to which it belongs. One species 
may often be confounded with another closely allied, and days and 
weeks may elapse before the eye and the mind, familiarized with their 
respective details, can observe the distinctions between them. This 
difficulty of identification greatly sharpens one’s knowledge, induces a 
habit of paying attention to minutiw, and creates a power of distin- 
guishing between things that differ slightly, which is exceedingly 
valuable and important. For the eye and mind thus educated to de- 
tect resemblances and differences in objects, which to ordinary obser- 
vation appear widely dissimilar or precisely the same, there will be 
abundant scope in the practical details of common every-day life, as 
well as in the higher walks of literature, science, and art. 

The study of these plants has also a tendency to elevate and en- 
large our conceptions of Nature; its vastness and complexity, its in- 
communicable grandeur, its all but infinity, opening before us newer 
and more striking vistas with every descending step we take. The 
farther we advance, and the wider our sphere of observation extends, 
wonder follows on wonder, till our faculties become bewildered, and 
our intellect falls back on itself in utter hopelessness of arriving at the 
end. Minute as the objects are in themselves, contact with them 
cannot fail to excite the mind, to call it forth into full and vigorous 
exercise, to enlist its sympathies, and to expand its faculties. Many 
eloquent pages have been written to show this elevating influence 
upon the mind, of contact with and contemplation of the phenomena 
of Nature; but it is not the great and sublime objects of Nature alone 
that produce this effects~-the sublimity of mountains, the majesty of 
rivers, and the repose of forests—the very humblest and simplest ob- 
jects are calculated to awaken these emotions ina yet higher and 
purer form. “The microscope,” as Mr. Lewes has well observed, “ is 
not the mere extension of a faculty; it is a new sense.” 

There are also peculiar pleasures connected with the study of these 
objects. There is, first, the pleasure of novelty and discovery—of ex- 
ploring a realm where every thing is comparatively new, and every 
step is delightful; where the forms are unfamiliar, and the modes of 
life hitherto unimagined. There is, next, the more subtle and refined 
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pleasure of observing the strange truths which they unfold, the beauti- 
ful laws which they reveal, and the resemblances and relations which 
they display. The false romanticism of vulgar fancy requires some- 
thing pretentious and unnatural to gratify its taste; but, to the true 
poetical mind, the humblest moss on the wall, or the green slime that 
creams on the wayside pool, will suggest trains of pleasing and profit- 
able reflection. He who has an observing eye and an appreciating 
mind for these minute wonders of Nature, need never be alone. Every 
nook and corner of the earth, however barren and dreary to superficial 
minds, has companions for him ; and on every path he will find what 
the Indians call a rustawallah, a delightful road-fellow. 

To the cryptogamic botanist Nature reveals herself in her wildest, 
and also in her fairest aspects. He enters into her guarded retreats— 
retiring spots of luxuriant, refreshing, and enticing beauty, that are 
hidden from every other eye ; where the great world of strife and toil 
speaks not, and its cares and sorrows are forgotten, and Nature wakes 
up the dead divinity within, and rouses the soul to purer and nobler 
purposes. The peculiar haunts of the objects of his search are found 
on the sides and summits of lofty mountains, amid the dark, lonely 
recesses of forests; in the bright bosom of rivers, and lakes, and 
water-falls ; on far-off, unvisited moors, where heaven’s serene and pas- 
sionless blue is the only thing of beauty; and in the mossy retreats 
of dell and dingle, where Titania and her fays might sport away the 
dreamy noontide hours. There he finds the pictures which the soul 
treasures most lovingly ; and in these by-ways does he gain the truest 
insight into the mysteries of life. In thus penetrating into the very 
heart of Nature, with much toil and exertion it may be, he seems to 
win her confidence, and to earn the right to look into her arcana. By 
minute contact and continued commune with her alone in the wilder- 
ness, he feels in all its fulness and depth the beautiful relationship that 
exists between the outer and the inner life of creation. To others the 
landscape may be the mere background ofa picture, in the foreground 
of which human figures are acting; to him its charms are agencies and 
influences acting on his heart and mingling with his life. The sports- 
man in search of game frequently wanders into regions that seem 
primeval in their solitude, and where “ human foot had ne’er or rarely 
been ;” but so absorbing is the pursuit in which he is engaged, that 
he seldom pauses to watch the features of the surrounding scenery, or 
to notice combinations of objects and effects of light and shade which 
Nature never displays, except in such unfrequented spots. But to the 
cryptogamist, on the other hand, these very scenes of Nature lend a 
nameless charm and interest to the lowly plants he gathers, and are 
ever after indelibly associated with them in his memory, and are re 
newed every time he witnesses their faded remains. Hardly a mo- 
ment passes over the solitary collector amid such secluded scenes, 
without some grand effect being produced in the surrounding land- 
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scape, or in the appearance of the sky above him; some wonderful 
transformation of Nature, as though the spot where he stands were 
her tiring-room, and she were trying on robe after robe to see which 
became her best; some striking incident, which might well inspire 
him with the wish to catch the happy moment, and give it a perma- 
nent existence. Such are the simple, refining, and enduring pleasures 
which the cryptogamic botanist enjoys in the pursuit of his favorite 
study amid the scenes of Nature. 

Add to all these recommendations this last important advantage, 
that these plants can be observed and coHected without interruption 
throughout the whole year, and in situations where other vegetation 
is reduced to zero. They can be studied alike under the cloudy skies 
of December, as when illumined by the sunshine of June. When the 
flowers and ferns have vanished, when the lights are fled, and the gar- 
lands are dead, the deserted banquet-hall of Flora is still relieved by 
the presence of these humble retainers, whose fidelity is proof against 
every change of circumstance, and whose better qualities are dis- 
played when the storm is wildest and the desolation most complete. 
They are no summer friends, As Ruskin has beautifully observed: 
“Unfading as motionless, the worm frets them not, and the autumn 
wastes not. Strong in lowliness, they neither blanch in heat, nor 
pine in frost. To them, slow-fingered, constant-hearted, is intrusted 
the weaving of the dark eternal tapestries of the hills; to them, slow- 
pencilled, iris-dyed, the tender framing of their endless imagery. 
Sharing the stillness of the unimpassioned rock, they share also its 
endurance ; and while the winds of departing spring scatter the white 
hawthorn-blossoms like drifted snow, and summer duns in the parched 
meadow the drooping of its cowslip gold, far above among the moun- 
tains, the silver lichen-spots rest, starlike on the stone, and the gath- 
ering orange-stain upon the edge of yonder western peak reflects the 
sunsets of a thousand years.”—Fvot-Notes from the Page of Nature. 





THE WEATHER AND THE SUN. 
By RICHARD A. PROCTOR, B. A. 


HERE are few scientific questions of greater interest than the 
inquiry whether it is possible to find a means of predicting the 
weather for a long time in advance. In former ages many attempts 
were made to solve this problem by a reference to the motions of the 
heavenly bodies. Other methods of prediction were, indeed, in vogue; 
but I am not here considering ordinary weather portents, or mere 
scientific schemes for anticipating the weather of two or three coming 
days: and, with a few trifling exceptions, depending on observations 
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of plants and animals, it is the case that the only wide rules for pre- 
dicting weather were based on the motions of the sun and moon, the 
planets and the stars. It must be remembered that even astronomers 
of repute placed faith, until quite recent years, in the seemingly absurd 
tenets of judicial astrology. We cannot greatly wonder, therefore, if 
the more reasonable thesis, that the heavenly bodies determine weather- 
changes, was regarded with favor. Accordingly we find Horrox, more 
than two centuries ago, drawing the distinction here indicated, where 
he says that, in anticipating “storm and tempest ” from a conjunction 
of Mercury with the Sun, he coincides “with the opinion of the as- 
trologers, but in other respects despises their more puerile vanities,” 
We find Bacon in like manner remarking that “all the planets have 
their summer and winter, wherein they dart their rays stronger or 
weaker, according to their perpendicular or oblique direction.” He 
says, however, that “the commixtures of the rays of the fixed stars 
with one another are of use in contemplating the fabric of the world 
and the nature of the subjacent regions, but in no respect for predic- 
tions.” Bacon remarks again that reasonable astrology (Astrologia 
sana) “should take into account the apogees and perigees of the 
planets, with a proper inquiry into what the vigor of planets may per- 
form of itself; for a planet is more brisk in its apogee, but more com- 
municative in its perigee: it should include, also, all the other acci- 
dents of the planet’s motions, their accelerations, retardations, courses, 
stations, retrogradations, distances from the sun, increase and diminu- 
tion of light, eclipses, etc. ; for all these things affect the rays of the 
planets, and cause them to act either weaker or stronger, or in a differ- 
ent manner.” 

It is a remarkable circumstance that systems of weather predic- 
tion based on such considerations were not quickly exploded, owing to 
their failure when tested by experience. Yet singularly enough it has 
scarcely ever happened that any wide system of interpretation has 
been devised, which has not been regarded with favor by its inventor 
long after it had been in reality disproved by repeated instances of 
failure. This remark applies to recent systems as well as to those in- 
vented in earlier times. Within the last twenty years, for example, 
methods of prediction based on the moon’s movements, on the con- 
junctions of the planets, and on other relations, have been maintained 
with astonishing perseverance and constancy, in the face of what out- 
siders cannot but regard as a most discouraging want of agreement 
between the predicted weather and the actual progress of events. 
Here, as in so many cases of prediction, we find the justice of Bacon’s 
aphorism, “ Men mark when they hit, and never mark when they 
miss.” 

It is noteworthy, indeed, that the very circumstance which appears 
to present a fatal objection to all schemes of prediction based on the 
motions of the celestial bodies, supplies the means of imagining that 
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predictions have been fulfilled. The objection I refer to is this: we 
know that the weather is seldom alike over very wide regions, while, 
nevertheless, the celestial bodies present the same aspect toward the 
whole extent of such regions, or an aspect so nearly the same as to 
suggest that the same conditions of weather should prevail if the 
weather really depended on the position of the heavenly bodies. It 
appears, then, that the inventor of a really trustworthy system must 
have a distinct scheme for each part of every continent—nay, of every 
country, if not of every county. This objection is not taken into ac- 
count, however, by the inventors of systems, while the fact on which 
it depends affords the means of showing that each prediction has been 
fulfilled. Thus, suppose “ bad weather and much wind” have been 
predicted on a certain day, and that day is particularly fine and calm 
in London. If this were urged as an objection to the soundness of the 
system, the answer would run somewhat on this wise: “ Unquestion- 
ably it was fine in London, but in North Scotland (or in France, or 
Spain, or Italy, as the case may be) there was very gloomy weather, 
and in Ireland (suppose) quite strong winds are reported to have pre- 
vailed in the afternoon.” The readiness with which men satisfy them- 
selves in such cases, corresponds with that mischievous ingenuity 
wherewith foolish persons satisfy themselves that a fortune-teller had 
foretold the truth, that a dream had been fulfilled, a superstition justi- 
fied, and so forth. 

The tendency, at present, among those who are desirous of forming 
a scheme of weather prediction, is to seek the origin of our weather- 
changes in changes of the sun’s condition, and, by determining the 
laws of the solar changes, to ascertain the laws which regulate changes 
in the weather. 

It may be remarked, in passing, that this new phase of the inquiry 
does not reject planetary influences altogether. The theory is enter- 
tained by many well-known students of science that changes in the 
condition of the sun are dependent on the varying positions of the 
planets ; so that, if it should be established that our weather-changes 
are connected with solar changes, we should infer that indirectly the 
planets in their motions rule the weather on our earth. 

I propose now to consider the evidence relating to the sun’s influ- 
ence, and to discuss the question (altogether distinct, be it remarked) 
whether a means of accurate weather prediction may be obtained if 
the sun’s influence be regarded as demonstrated. 

There is one strong point in favor of the new theory, in the fact that 
the sun is unquestionably the prime cause of all weather changes, To 
quote the words of Lieutenant-Colonel Strange, an enthusiastic advo- 
cate of the theory (and eager to have it tested at this country’s charge), 
“there can hardly be a doubt that almost every natural phenomenon 
connected with the climate can be distinctly traced to the sun as the 
great dominating force, and it is a natural inference” (though not, as 
vou. u1—81 











482 THE POPULAR SCIENCE MONTHLY. 


he says, an unavoidable one) “that the changes, and what we now 
call the uncertainties of climate, are connected with the constant fluc- 
tuations which we know to be perpetually occurring in the sun itself.” 
I may proceed, indeed, in this place, to quote the following words, in 
which Colonel Strange enunciates the theory itself which I am about 
to discuss, and its consequences: “The bearing of climatic changes 
on a vast array of problems connected with navigation, agriculture, 
and health, need but be mentioned to show the importance of seeking 
in the sun, where they doubtless reside, for the causes which govern 
these changes. It is indeed my conviction that, of all the fields now 
open for scientific cultivation, there is not one which, quite apart from 
its transcendent philosophical interest, promises results of such high 
utilitarian value as the exhaustive systematic study of the sun.” 

It cannot be doubted, I think, that, if any thing like what is here 
promised could be hoped for from the study of the sun, it would be a 
matter of more than national importance to undertake the task indi- 
cated by Colonel Strange. The expense of new observatories for this 
special subject of study would, in that case, be very fully repaid. It 
would be worth while to employ the most skilful astronomers at sala- 
ries comparable with those which are paid to our Government minis- 
ters; it would be well to secure, on corresponding terms, the advice 
of those most competent to decide on the instrumental requirements 
of the case ; and, in fact, the value of the work which is at present ac- 
complished at Greenwich, great though that value is, would sink into 
utter insignificance, in my judgment, compared with the results flow- 
ing in the supposed case from the proposed “ exhaustive and systematic 
study ” of the great central luminary of the planetary system. 

The subject we are to discuss is manifestly, therefore, of the utmost 
importance, and cannot be too carefully dealt with. It would be a 
misfortune on the one hand to be led by careless reasoning to under- 
estimate the chances in favor of the proposed scheme, while, on the 
other, it would be most mischievous to entertain unfounded expecta- 
tions where the necessary experiments must be of a costly nature, and 
where science would be grievously discredited, should it be proved 
that the whole scheme was illusory. 

We note, first, that, besides being “ the great dominating force ” to 
which all natural phenomena connected with climate are due, the sun 
has special influence on all the most noteworthy variations of weather. 
The seasons are due to solar influence; and here we have an instance 
of a power of prediction derived from solar study, though belonging 
to a date so remote that we are apt to forget the fact. It seems so ob- 
vious that summer will be on the whole warmer than winter, that 
we overlook the circumstance that, at some epoch or other, this fact, 
at least in its relation to the apparent motions of the sun, must have 
been recognized as a discovery. Men must at one time have learned, 
or perhaps we should rather say each race of men must at one time 
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have noticed, that the varying warmth on which the processes of vege- 
tation depend, corresponds with the varying diurnal course of the sun, 
So soon as this was noticed, and so soon as the periodic nature of the 
sun’s varying motions had been ascertained, men had acquired in effect 
the power of predicting that, at particular times or seasons, the weather 
on the whole would be warmer than at other seasons. In other words, 
so soon as men had recognized the period we call the year, they could 
predict that one half of each year would be warmer than the other 
half. Simple as this fact may seem, it is important to notice it as the 
beginning of weather-prediction ; for, as will presently appear, it has 
an important bearing on the more complex questions at present in- 
volved in the prognostication of weather-changes. 

It became manifest, almost as soon as this discovery had been made, 
that the weather of particular days, or even of weeks and longer pe- 
riods, could not, by its means, be predicted. A week in summer may 
be cold, and a week in winter may be warm; nor, so far as is even yet 
known, is there a single part of any year the temperature of which 
can be certainly depended upon, at least within the temperate zune. 
In certain tropical regions there are tolerably constant weather varia- 
tions ; but, so far is this from being the case in the temperate zones of 
either hemisphere, that it is impossible to affirm certainly, even that 
during a week or fortnight at any given summer season there will be 
one hot day, or that during a corresponding period in winter there will 
be one day of cold weather. 

It became manifest also, at an early epoch, that terrestrial condi- ~ 
tions must be intimately involved in all questions of weather, since 
the year in different countries in the same latitudes presents different 
features. Such differences are of two kinds—those which have a ten- 
dency to be constant, and those which are in their nature variable. 
For example, the annual weather, in Canadian regions having the same 
range of latitude as Great Britain, differs always to a very marked 
degree, though not always to the same degree, from that which pre- 
vails in this country; here, then, we have a case of a constant differ- 
ence due unquestionably to terrestrial relations. Again, when we have 
a hot or dry summer in this country, warm or damp weather may pre- 
vail in other countries in the same latitudes, and vice versa ; differences 
of this kind are ordinarily’ variable, and in the present position of 
weather-science are regarded as accidental. 


*T use this qualifying word, because some differences of the kind are more or less 
regular. Thus, when there is a dry summer in certain regions in the west of Europe, 
there is commonly a wet summer in easterly regions in the same latitude, and vice versa, 
the difference simply depending on the height at which the clouds travel which ate 
brought by the southwesterly counter-trade winds. When these clouds travel high, they 
do not give up their moisture until they have travelled far inland or toward the east; 
when they travel low, their moisture is condensed so soon as they reach the western 
land-slopes. It is not uncommonly the case again that, when we in England have dry 
summers, much rain falls on the Atlantic, and our drought is simply due to the fall of 
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Hitherto, weather-science has depended solely on the study of these 
terrestrial effects as they vary under varying conditions. Modern 
meteorological research is confined to the record and study of the 
actual condition of the weather from day to day at selected stations 
in different countries. It cannot be denied that the inquiry has not 
been attended with success. At vast expense, millions of records of 
heat, rainfall, winds, clouds, barometric pressure, and so on, have been 
secured; but hitherto no law has been recognized in the variations 
thus recorded—no law, at least, from which any constant system of 
prediction for long periods in advance can be deduced. 

On this point I shall quote, first, a remarkable saying of Sir W. 
Herschel’s, which appears to me, like many such sayings of his, to be 
only too applicable to the present state of science. In endeavoring to 
interpret the laws of weather, “we are in the position,” Herschel re- 
marks, “of a man who hears at intervals a few fragments of a long 
history related in a prosy, unmethodical manner. A host of circum- 
stances omitted or forgotten, and the want of connection between the 
parts, prevent the hearer from obtaining possession of the entire his- 
tory. Were he allowed to interrupt the narrator, and ask him to ex- 
plain the apparent contradictions, or to clear up doubts at obscure 
points, he might hope to arrive at a general view. The questions that 
we would address to Nature are the very experiments of which we are 
deprived in the science of meteorology.” 

The late Prof. De Morgan, indeed, selected meteorology as the 
subject on which, above all others, systematic observations had been 
most completely wasted—as a special instance of the failure of the 
true Baconian method (which, be it noticed, is not, as is so commonly 
supposed, the modern scientific method). “There is an attempt at in- 
duction going on,” says De Morgan, “which has yielded little or no 
fruit, the observations made in the meteorological observatories. This 
attempt is carried on in a manner which would have caused Bacon to 
dance for joy” (query) ; “for he lived in times when chancellors did 
dance. Russia, says M. Biot, is covered by an army of meteorographs, 
with generals, high officers, subalterns, and privates, with fixed and 
defined duties of observation. Other countries, also, have their sys- 
tematic observations. And what has come of it? Nothing, says M. 
Biot, and nothing will ever come of it: the veteran mathematician and 
experimental philosopher declares, as does Mr. Ellis ” (Bacon’s biog- 
rapher), “that no single branch of science has ever been fruitfully ex- 
plored in this way.” A special interest attaches, I may remark, to the 
opinion of M. Biot, because it was given upon the proposal of the French 
Government to construct meteorological observatories in Algeria. 

It is well known that our Astronomer Royal holds a similar opin- 


this rain before the clouds from the southwest have reached us. More commonly, how- 
ever, drought in England is due to the delay of the downfall, in consequence of the 
clouds from the southwest travelling at a greater height than usual. 
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ion. De Morgan thus quaintly indicates his interpretation of one par- 
ticular expression of Sir G. Airy’s opinion: “In the report to the 
Greenwich Board of Visitors, for 1867, the Astronomer Royal, speak- 
ing of the increase of meteorological observatories, remarks : ‘ Whether 
the effect of this movement will be that millions of useless observa- 
tions will be added to the millions that already exist, or whether some- 
thing may be expected to result which will lead to a meteorological 
theory, I cannot hazard a conjecture.’ This is a conjecture, and a 
very obvious one; if Mr. Airy would have given 23d. for the chance 
of a meteorological theory formed by masses of observations, he would 
never have said what I have quoted.” 

The simple combination of terrestrial considerations with the effects 
due to the sun’s varying daily path having thus far failed to afford 
any interpretation of the varying weather from year to year, it is nat- 
ural to inquire whether the variations in the sun’s condition from year 
to year may not supply the required means of interpreting, and hence 
of predicting, weather-changes. We know that the sun’s condition 
does vary, because we sometimes see many large spots upon his sur- 
face, whereas at others he has no spots, or few and small ones. We can 
scarcely doubt that these variations affect the supply of heat and 
light, as well as of chemical action and possibly of other forms of 
force; and hence we are certainly dealing with a vera causa, though 
whether this real cause be an efficient cause of weather-changes re- 
mains yet to be determined. 

It may perhaps be as well to inquire, however, in the first place, 
whether any peculiarities of weather can be traced to another circum- 
stance which ought to be at least as efficient, one would suppose, as 
any changes in the sun’s action due to the spots. I refer to his vary- 
ing distance from the earth. It is known doubtless to all my readers 
that, in June and July, although these are our summer months, the 
sun is farther away than in December; and this, not by an inconsider- 
able distance, but by more than 3,000,000 miles. Accordingly, on a 
summer day in our hemisphere, we receive much less heat than is re- 
ceived on a summer day in the Southern Hemisphere. Or, instead of 
comparing our summer heat with summer heat in the Southern Hemi- 
sphere, we may make comparison between the quantity of heat received 
by the whole earth on a day in June and on a day in December, 
Either way of viewing the matter is instructive; and I believe many 
of my readers will be surprised when they hear what is the actual 
amount of difference. 

We receive in fact, on June 30th, less heat and light than dwellers 
at our antipodes receive on December 30th, by the amount which 
would be lost if an opaque disk, having a diameter equal to one-fourth 
of the sun’s,* came upon the sun’s face as seen on December 30th at 


? It is easily shown that such would be the size of the imagined black disk. For the 
sun’s distance varies from about 93,000,000 miles to about 90,000,000, or in the propor- 
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our antipodes. It need hardly be said that no spots, whose effects 
would be comparable with those produced by such a disk of blackness, 
have ever been seen upon the face of the sun, Spots are not black or 
nearly black, even in their very nucleus. The largest ever seen has 
not had an extent approaching that of our imagined black disk, even 
when the whole dimensions of the spot—nucleus, umbra, and penum- 
bra—have been taken into account. Moreover, all round a spot there 
is always a region of increased brightness, making up to a great de- 
gree, if not altogether, for the darkness of the spot itself. So that 
unquestionably the summer heat in the Southern Hemisphere exceeds 
the summer heat in our hemisphere to a much more marked degree 
than the heat given out by the sun when he is without spots exceeds 
the heat of a spotted sun. 

It is, however, rather difficult to ascertain what effect is to be 
ascribed to this peculiarity. It is certain that the Australian summer 
differs in several important respects from the European summer; but 
it is not easy to say how much of the difference is due to the peculiar- 
ity we have been considering, and how much to the characteristic dis- 
tinction between the northern and southern halves of the earth—the 
great excess of water-surface over land-surface in the Southern Hemi- 
sphere. It is worthy of notice, however, that even in this case, where 
we cannot doubt that a great difference must exist in the solar action 
at particular seasons, we find ourselves quite unable to recognize any 
peculiarities of weather as certainly due to this difference, 

I have spoken of a second way of viewing the difference in ques- 
tion, by considering it as it affects the whole earth, The result is suf- 
ficiently surprising. It has been shown, by the researches of Sir J. 
Herschel and Pouillet, that on the average our earth receives each 
day a supply of heat competent to heat an ocean, 260 yards deep over 
the whole surface of the earth, from the temperature of melting ice to 
the boiling-point. Now, on or about June 30th the supply is one-thir- 
tieth less, while on or about December 30th the supply is one-thirtieth 
greater. Accordingly, on June 30th, the heat received in a single 
day would be competent only to raise an ocean 251} yards deep from 
the freezing to the boiling point, whereas on December 30th the heat 
received from the sun would so heat an ocean 268% yards deep. The 
mere excess of heat, therefore, on December 30th, as compared with 
June 30th, would suffice to raise an ocean, more than 17 yards deep 
and covering the whole earth, from the freezing-point to the temper- 
ature of boiling water! It will not be regarded as surprising if terres- 
trial effects of some importance should follow from so noteworthy an 


tion of 31 to 30. Hence the size of his disk varies in the proportion of 31 times 31 to 
80 times 30, or as 961 to 900. The defect of the latter number 900 amounts to 61, 
which is about a sixteenth part of ti » larger number, But a black disk having a diame- 
ter equal to a quarter of the sun’s wo ‘ld cut off precisely a sixteenth part of his light 
and heat, which was the fact to be proved. 
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excess, not merely of light and heat, but of gravitating force, of mag- 
netic influence, and of actinic or chemical action, exerted upon the 
earth as a whole, Accordingly we find that there is a recognizable in- 
crease in the activity of the earth’s magnetism in December and Janu- 
ary as compared with June and July. But, assuredly the effect pro- 
duced is not of such a character as to suggest that we should find the 
means of predicting weather, if it were possible for us now to discover 
any solar law of change resulting in a corresponding variation of solar 
action, upon the earth. ‘ 

This leads us to consider the first great law of solar change as dis- 
tinguished from systematic variations like the sun’s varying change 
of distance and his varying daily path on the heavens. This law is 
that which regulates the increase and decrease of the solar spots with- 
in a period of about eleven years. The sun’s condition does not, in- 
deed, admit of being certainly predicted by this law, since it not un- 
frequently happens that the sun shows few spots for several weeks 
together, in the very height of the time ot spot-frequency, while on 
the other hand it often happens that many and large spots are seen at 
other times. Nevertheless, this general law holds, that, on the whole, 
and taking one month with another, there is a variation in spot-fre- 
quency, having for its period an interval of rather more than eleven 
years. 

Now, the difference between a year of maximum spot-frequency 
and one of minimum frequency is very noteworthy, notwithstanding 
the exceptional features just mentioned, which show themselves but 
for short periods. This will be manifest on the consideration of a few 
typical instances. Thus, in the year 1837, the sun was observed on 
168 days, during which he was not once seen without spots, while no 
less than 333 new groups made their appearance, This was a year of 
maximum spot-frequency. In 1843, the sun was observed on 312 days, 

‘and on no less than 149 of these no spots could be seen, while only 34 
new groups made their appearance. This was a year of minimum spot- 
frequency. Passing to the next maximum year, we find that in 1848 
the sun was observed on 278 days, during which he was never seen 
without spots, while 330 new spots made their appearance. In 1855 
and 1856 together, he was observed on 634 days, on 239 of which he 
was without spots, while only 62 new groups made their appearance. 
The next maximum was not so marked as usual, that is, there was not 
so definite a summit, if one may so speak, to the wave of increase; but 
the excess of spot-frequency was none the less decided, Thus, in the 
four years, 1858—61, the sun was observed on 335, 343, 333, and 322 
days, on not one of which he was spotless, while the numbers of new 
groups for these four years were, respectively, 202, 205, 211, and 204, 
The minimum in 1867 was very marked, as 195 days out of 312 were 
without spots, and only 25 new groups appeared. The increase after 
1867 was unusually rapid, since in 1869 there were no spotless days, 
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and 224 new groups were seen, though the sun was only observed on 
196 days. The number of spots in 1870, 1871, and 1872, as well as 
their magnitude and duration, has been above what is usual, even at 
the period of maximum spot-frequency. 

From all this it will be manifest that we have a well-marked pecu- 
liarity to deal with, though not one of perfect uniformity. Next to 
the systematic changes already considered, this alternate waxing and 
waning of spot-frequency might be expected to be efficient in produ- 
cing ‘recognizable weather-changes. Assuredly, if this should not 
appear to be the case, we should have to dismiss all idea that the sun- 
spots are weather-rulers. 

Now, from the first discovery of spots, it was recognized that they 
must, in all probability, affect our weather to some degree. It was 
noticed, indeed, that our auroras seemed to be in some way influenced 
by the condition of the sun’s surface, since they were observed to be 
more numerous when there are many spots than when there are few or 
none. Singularly enough, the effect of the spots on temperature was 
not only inquired into much later (for we owe to Cassini and Mairan 
. the observation relating to auroras), but was expected to be of an op- 
posite character from that which is in reality produced. Sir W. Her- 
schel formed the opinion that, when there are most spots, the sun 
gives out most heat, notwithstanding the diminution of light where 
the spots are. He sought for evidence on this point in the price of 
corn in England, and it actually appeared, though by a mere coinci- 
dence, that corn had been cheapest in years of spot-frequency, a re- 
sult regarded by Herschel as implying that the weather had been 
warmer on the whole in those years. It was well pointed out, how- 
ever, by Arago, that “in these matters we must be careful how we 
generalize facts before we have a very considerable number of obser- 
vations at our disposal.” The peculiarities of weather in a single and 
not extensive country like England are quite insufficient to supply an 
answer to the wide question dealt with by Herschel. The weather 
statistics of many countries must be considered and compared. More- 
over, very long periods of time must be dealt with.’ 


* When Herschel made his researches into this subject, the law of spot-frequency had 
not been discovered. He would probably have found in this law, as some have since 
done, the explanation of the seven years of plenty and the seven years of famine, typified 
by the fat kine and lean kine of Joseph’s dream. For, if there were a period of eleven 
years in which corn and other produce of the ground waxed and waned in productive- 
ness, it would be not at all unlikely that, when ever this waxing and waning chanced to be 
unusually marked, there would result two series of poor and rich years apparently rang- 
ing over fourteen instead of eleven years. We have seen, above, that the waves of spot- 
waxing and spot-waning are not all alike in shape and extent. Whenever, then, a wave 
more marked than usual came, we should expect to find it borrowing, so to speak, both 
in trough and crest, from the waves on either side. It would require but a year or so 
either way to make the wave range over fourteen years ; and observed facts, even during 
the last half-century only, show this to be no unlikely event. 
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M. Gautier, of Geneva, and, later, MM. Arago and Barratt, made a 
series of researches into the tabulated temperature at several stations, 
and for many successive years. They arrived at the conclusion that, 
on the whole, the weather is coolest in years of spot-frequency. 

But recently the matter has been more closely scrutinized, and it 
has been found that the effects due to the great solar-spot period, al- 
though recognizable, are by no means so obvious as had been antici- 
pated. 

These effects may be divided into three classes: those affecting (1) 
temperature, (2) rainfall, and (3) terrestrial magnetism. 

As respects the first, it has been discovered that, when underground 
temperatures are examined, so that local and temporary causes of 
change are eliminated, there is a recognizable diminution of tempera- 
ture in years when spots are most frequent. -We owe this discovery 
to Prof. C. P. Smyth, Astronomer Royal for Scotland. The effect 
is very slight; indeed, barely recognizable. I have before me, as I 
write, Prof. Smyth’s chart of the quarterly temperatures from 1837 to 
1869, at depths of 3, 6, 12, and 24 French feet. Of course, the most 
remarkable feature, even at the depth of 24 feet, is the alternate rise 
and fall with the seasons. But it is seen that, while the range of rise 
and fall remains very nearly constant, the crest and troughs of the 
waves lie at varying levels, After long and careful scrutiny I find 
myself compelled to admit that I cannot find the slightest evidence in 
this of aconnection between underground temperatures and the eleven- 
years period of sun-spots. I turn, therefore, to the chart in which the 
annual means are given; and, noting in the means at the lesser depths 
“confusion worse confounded ” (this, of course, is no fault of Prof. 
Smyth’s, who here merely records what had actually taken place), I 
take the temperatures at a depth of 24 French feet. Now, neglecting 
minor features, I find the waves of temperature thus arranged: They 
go down to a little more than 464 degrees of the common thermometer 
in 1839-40 ; rise to about 47? degrees in 1847; sink to 47} degrees in 
1849; mount nearly to 47? degrees again in 1852-53; are at 47 de- 
grees in 1856-57; are nearly at 48 degrees in 1858-59; then they 
touch 47 degrees three times (with short periods of rising between), 
in 1860, 1864, and 1867; and rise above 474 degrees in 1869. Now, if 
we remember that there were maxima of spots in 1837, 1848, 1859-60, 
and 1870, while there were minima in 1843, and in 1855-56, I think 
it will be found to require a somewhat lively imagination to recognize 
a very striking association between the underground temperature and 
the sun’s condition with respect to spots. If many spots imply dimi- 
nution of heat, how does it come that the temperature rises to a maxi- 
mum in 1859, and again in 1869? if the reverse, how is it that there 
is a minimum in 1860? I turn, lastly, to the chart in which the sun- 
Spot waves and the temperature-waves are brought into actual com- 
parison, and I find myself utterly unable to recognize the slightest as- 
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sociation between them, Nevertheless, I would not urge this with the 
desire of in any way throwing doubt upon the opinion to which Prof. 
Smyth has been led, knowing well that the long and careful examina- 
tion he has given to this subject in all its details may have afforded 
ample though not obvious evidence for the conclusions at which he 
has arrived. I note, also, that, as he points out, Mr. Stone, director 
of the Cape Town Observatory, and Mr. Cleveland Abbe, director of 
the Cincinnati Observatory, have since, “ but it is believed quite inde- 
pendently, published similar deductions touching the earth’s tempera- 
ture in reference to sun-spots.” All I would remark is, that the effect 
is very slight, and very far from being obvious at a first inspection. 

Next as to rainfall and wind. 

Here, again, we have results which can hardly be regarded as 
striking, except in the forcible evidence they convey of the insignifi- 
cance of the effects which are to be imputed to the great eleven-year 
spot period. We owe to Mr. Baxendell, of Manchester, the most com- 
plete series of investigations into this subject. He finds that, at Ox- 
ford, during the years when sun-spots were most numerous, the amount 
of rainfal] under west and southwest winds was greater than the amount 
under south and southeast winds; while the reverse was the case in 
years when spots were few and small. Applying corresponding pro- 
cesses to the meteorological records for St. Petersburg, he finds that 
a contrary state of things prevailed there. Next we have the evi- 
dence of the Rev. R. Main, director of the Radcliffe Observatory at 
Oxford, who finds that westerly winds are slightly more common when 
sun-spots are numerous than at other times. And, lastly, Mr. Mel- 
drum, of Mauritius, notes that years of spot-frequency are character- 
ized, on the whole, by a greater number of storms and hurricanes than 
years when the sun shows few spots. 

The association between the sun-spot period and terrestrial mag- 
netism is of a far more marked character, though I must premise that 
the Astronomer Royal, after careful analysis of the Greenwich magnetic 
records, denies the existence of any such association whatever. There 
is, however, a balance of evidence in its favor. It seems very nearly 
demonstrated that the daily sway of the magnetic needle is greatest 
when sun-spots are numerous, that magnetic storms are somewhat 
more numerous at such times, and that auroras are also more com- 
monly seen. Now, it has been almost demonstrated by M. Marié Davy, 
chief of the meteorological division in the Paris Observatory, that the 
weather is affected in a general way by magnetic disturbances. So 
that we are contirmed in the opinion that, indirectly, if not directly, the 
weather is affected to some slight degree by the great sun-spot period. 

Still, I must point out that not one of these cases of agreement has 
any thing like the evidence in its favor which had been found for an 
association between the varying distance of Jupiter and the sun-spot 
changes. For eight consecutive maxima and minima this association 























THE WEATHER AND THE SUN. 491 


has been strongly marked, and might be viewed as demonstrated— 
only it chances, unfortunately, that, for two other cases, the relation is 
precisely reversed ; and, in point of fact, whereas the period now as- 
signed to the great sun-spot wave is eleven years and rather less than 
one month, Jupiter’s period of revolution is eleven years and about ten 
months, a discrepancy of nine months, which would amount to five 
and a half years (or modify perfect agreement into perfect disagree- 
ment) in seven or eight cycles. 

But, accepting the association between weather and the sun-spot 
changes as demonstrated (which is granting a great deal to the be- 
lievers in solar weather-prediction), have we any reason to believe that 
by a long-continued study of the sun'the great problem of foretelling 
the weather can be solved? This question, as I have already pointed 
out, must not be hastily answered. It is one of national, nay, of cos- 
mopolitan importance. If answered in the affirmative, there is scarce- 
ly any expense which would be too great for the work suggested ; but 
all the more careful must we be not to answer it in the aflirmative, if 
the true answer should be negative. 

But it appears to me that so soon as the considerations dealt with 
above have been fairly taken into account, there can be no possible 
doubt or difficulty in replying to the question. The matter has, in 
effect, though not in intention, been tested experimentally, and the 
experiments, when carried out under the most favorable conditions, 
have altogether failed. To show that this is so, 1 take the position 
of affairs before Schwabe began that fine series of observations which 
ended in the discovery of the great spot-period of eleven years. Let 
us suppose that at that time the question had been mooted whether 
it might not be possible, by a careful study of the sun, to obtain some 
means of predicting the weather. The argument would then have run 
as follows: “ The sun is the great source of light and heat; that orb 
is liable to changes which must in all probability affect the supply of 
light and heat; those changes may be periodical, and so predictable ; 
and, as our weather must to some extent depend on the supply of light 
and heat, we may thus find a means of predicting weather-changes.” 
The inquiry might then have been undertaken, and undoubtedly the 
great spot-period would have been detected, and with this discovery 
would have come that partial power of predicting the sun’s condition 
which we now possess—that is, the power of saying that in such and 
such a year, taken as a whole, spots will be numerous or the reverse. 
Moreover, meteorological observations conducted simultaneously would 
have shown that, as the original argument supposed, the quantity of 
heat supplied by the sun varies to a slight degree with the varying 
‘condition of the sun. Corresponding magnetic changes would be de- 
tected ; and also those partial indications of a connection between 
phenomena of wind and rain and the sun’s condition which have been 
indicated above. All this would be exceedingly interesting to men of 
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science, But, supposing all this had been obtained at the nation’s ex- 
pense, and the promise had been held out that the means of predicting 
weather would be the reward, the non-scientific tax-paying community 
might not improbably inquire what was the worth of these discoveries 
to the nation or to the world at large. Be it understood that I am not 
here using the cui-bono argument. As a student of science, I utterly 
repudiate the notion that, before scientific researches are undertaken, 
it must be shown that they will pay. But it is one thing to adopt 
this mean and contemptible view of scientific research, and quite an- 
other to countenance projects which are based ab initio upon the 
ground that they will more than repay their cost. Now, I think, if 
the nation made the inquiry above indicated, and under the circum- 
stances mentioned, it would be very difficult to give a satisfactory 
reply. The tax-payers would say: “ We have supplied so many thou- 
sands of pounds to found national observatories for the cultivation of 
the physics of science, and we have paid so many thousands of pounds 
yearly to the various students of science who have kindly given their 
services in the management of these observatories ; let us hear what 
are the utilitarian results of all this outlay. We do not want to hear 
of scientific discoveries, but of the promised means of predicting the 
weather.” The answer would be: “ We have found that storms in the 
tropics are rather more numerous in some years than others, the varia- 
tions having a period of eleven years; we can assert pretty confidently 
that auroras follow a similar law of frequency; southwest winds blow 
more commonly at Oxford but less commonly elsewhere, when the sun- 
spots, following the eleven-year period, are at a maximum; and more rain 
falls with southwesterly winds than with southeasterly winds at Oxford 
and elsewhere, but less at St. Petersburg and elsewhere, when sun- 
spots are most numerous, while the reverse holds when the spots are 
rare.” I incline to think that, on being further informed that these 
results related to averages only, and gave no means of predicting the 
weather for any given day, week, or month, even as respects the unim- 
portant points here indicated, the British tax-payer would infer that he 
had thrown away his money. Iimagine that the army of observers who 
had gathered these notable results would be disbanded rather uncere- 
moniously, and that for some considerable time science (as connected, 
at any rate, with promised “ utilitarian” results) would stink in the 
nostrils of the nation. 

But this is very far, indeed, from being all. Nay, we may almost 
say that this is nothing. Astronomers know the great spot-period; 
they have even ascertained the existence of longer and shorter periods 
less marked in character; and they have ascertained the laws accord- 
ing to which other solar features besides the spots vary in their nature. 
It is certain that whatever remains to be discovered must be of a 
vastly less-marked character. If, then, the discovery of the most 
striking law of solar change has led to no results having the slightest 
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value in connection with the problem of weather-prediction, if periodic 
solar changes of a less marked character have been detected which 
have no recognizable bearing on weather-changes, what can be hoped 
from the recognition of solar changes still more recondite in their na- 
ture? It is incredible that the complex phenomena inyolved in me- 
teorological relations regarded as a whole, those phenomena which are 
but just discernibly affected by the great sun-spot period, should re- 
spond to changes altogether insignificant even when compared with 
the development and decay of a single small sun-spot. It appears to 
me, therefore, that it is the duty of the true lover of science to indi- 
cate the futility of the promises which have been mistakenly held out; 
for it cannot be to the credit of science, or ultimately to its advantage, 
if government assistance be obtained on false pretences for any branch 
of scientific research. 





ORIENTALS AT VIENNA. 


HE anticipations with regard to the appearance made by Orien- 

tals at Vienna will be realized to the full, and doubtless the 
contact between the East and West will prove of mutual advantage. 
In fact, the peculiarly happy situation of the Austrian capital has not 
only given this Exhibition its distinctive character, but has developed 
its proportions in a degree that has falsified all the original calcula- 
tions. It soon became evident that circumstances would take it out 
of the category of those which had preceded it; that it might open 
new markets which were practically limitless, and that it would throw 
new and valuable lights upon hackneyed and familiar subjects. It 
was seen that it would reproduce, on an immeasurably greater scale, 
such cosmopolitan gatherings of traders as assembled at the great fairs 
of Leipsic or Nijni-Novgorod; that it would drag into open day the 
rarer contents of Oriental bazaars, and expose them side by side with 
the goods produced in Western manufactories and sold by Western 
shopkeepers, There would be unrivalled opportunities of making 
comparisons and drawing conclusions, of learning practical lessons and 
exploding antiquated prejudices. So it seems likely to prove; nor . 
will either half of the world have much reason to triumph over the 
other. We need not advertise the wonders of our Western civiliza- 
tion. If we are not much in the way of boasting of them as against 
the benighted East, it is simply because we enjoy the serene self-com- 
placency of indisputable superiority. To a certain extent we are jus- 
tified by the results of a rapidly-accelerating progress, which shows 
itself in the swift growth of our material prosperity. We work at the 
highest pressure; we invoke science to our assistance, and foster a 
restless rivalry that drives invention forward at express speed; we 
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multiply labor by the introduction of mechanical improvements; and 
we supply our homes with luxuries that have become necessaries at 
extraordinarily economical rates. In short, we produce quickly and 
cheaply, and in all that relates to action we leave the dreamy East im- 
measurably behind, as the Easterns are ready enough to acknowledge, 
and, forthe most part, rather with commiseration than envy. But, on 
the other hand, in much that is highest and most perfect in art we are 
the scholars and they the teachers. Our best-informed and most ex- 
perienced technical and practical men are the most ready to acknowl- 
edge this, It is not wealthy connoisseurs and capricious dilettanti 
who lounge about the courts of Japan, China, and Turkey, cheapening 
the strangely attractive wares which are exposed by the merchants 
from those distant countries. It is the European manufacturers and 
tradesmen—especially the English—who rush into the Eastern de- 
partments, eagerly bidding against each other for every thing that 
strikes their fancy. This is one of the most characteristic features 
of the Vienna Exhibition. On no previous occasion of the kind has 
there been such wholesale buying and selling in the very earliest days, 
and the traffic goes forward most briskly in the Oriental quarters. 
As yet, Japan has not cleared her goods at the custom-house ; China 
has. scarcely imported the better part of hers. Those countries can- 
not as yet pretend to set a price upon their wares, while the prices 
fixed by the Persians seem high enough in all conscience, and the 
Ottomans are following suit after the time-honored fashion of Eastern 
dealers. Yet already the choicest of the Persian prayer-carpets are 
snatched up at the high prices set upon them; the best of the Jap- 
anese porcelain, bronzes, cloisonnée ware, and silks, have been sold 
several times over, the charges being left to the conscience of the com- 
missioners, and the cards of the fortunate purchaser lying on the 
fragments of the torn tickets that had been affixed by rejected bidders; 
while even in Turkey and Tunis, which come far behind Japan and 
Persia in taste and quality of workmanship, many of the goods have 
changed owners already, the Prince of Wales being among the earliest 
and most considerable buyers. 

The truth is, the more closely we look into the special productions 
of the East, the more we recognize its incontestable superiority in 
design and color, and in perfection of form and finish, The Orientals 
have plenty of time, no doubt, and do not grudge it; they can afford 
to work leisurely and carefully where we must economize labor by 
the rapidity of our processes and the multiplying power of our ma- 
chinery. But then they have taste as well, and a taste which is older 
than schools of art, and seems nearly independent of technical educa- 
tion. Compare the graceful turbans and draperies of the Oriental 
with the stiff “chimney-pot,” cutaway, and trousers of the- Frank. 
The latter, although open to criticism even as convenient wear, doubt- 
less look more like business. They give the idea of stripping easily 
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for a hard day’s work, and suggest readiness to answer the calls of 
any emergency. They are turned out comparatively cheaply to cut- 
and-dry patterns. The former are the signs of a languid yet not un- 
fruitful existence. But they express the intuitive gracefulness of ideas 
‘evolved in a calm fulness of thought that will not be hurried; they 
show an originality and versatility of fancy whose inspirations may 
have been sought in the dreamy fumes of opium. Go to the remotest 
East of Asia, seek the Oriental on his own proper ground, and you 
seldom take him at a disadvantage. In his own unpretending way, 
the peasant who weaves mats of bamboo or moulds vessels of common 
clay in his retired village is as much of an artist as the skilled work- 
man of Yeddo who lacquers cabinets in the most delicate plaques of 
veneer, or chases the bronze incense-burners that are to swing in the 
temples. When the Oriental breaks own is when he takes to imi- 
tating the European, as he has begun to do in these latter days. The 
Japanese sometimes turn from their own beautiful specimens of Kago 
and Satsuma porcelain to reproduce the fashions and colors of Parisian 
and English crockery, while the Turks back their clumsy machinery 
against the looms of Mancester in calicoes and cottons. Happily these 
follies of imitation are as yet rare; and probably the profits of this 
novel trade will not encourage the enterprising imitators to persevere. 
The East has mich to learn from the West, and the lessons that will 
prove of most service to it go to the very groundwork of its society. 
It has yet to be enlightened as to the advantages of civil and religious 
liberty and education, the value of time, and the necessity of system 
and method, All this it is now learning, and in some matters of de- 
tail its education is going on only too rapidly. Doubtless sooner or 
later it will come to our markets for machinery which will enable it to 
make at home what it imports at present from abroad. But some of 
its tentative advances in this direction are premature and injudicious, 
to say the least, and, judging by certain samples of its imitative skill, 
it seems inclined to precipitate a competition whose unfortunate re- 
sults in price and quality may cause it permanent discouragement. 
However, it is not our purpose now to discuss the points on which 
we may teach the Orientals, but rather to glance at some of those 
where we are the scholars. There is a. great deal in the Eastern de- 
partments of the Vienna Exhibition which is chiefly interesting as 
showing their relative backwardness. Some of them, for instance, 
send complete samples of their cereals and vegetable productions, and 
and these are curious as illustrating the advantages of soil and climate 
which yield them, in spite of the most backward husbandry and the 
most primitive implements, returns of twenty, fifty, or a hundred fold. 
But only turn’to their show in the arts, and some of them may almost 
set criticism at defiance. By general consent, and beyond all com- 
parison, the first place must be assigned to Japan. The Japanese 
does most things unlike the rest of the world. His method of han- 
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dling his tools is precisely the opposite of ours. He draws his plane 
toward him, works his saw in the reverse direction, taps with the side 
of his queer hammer, and handles his quaintly-chased graving tool in 
a@ way at which an English workman would stare. Yet, whether he 
is laying the shingles on the roof of a cottage, or chasing one of thosé 
wonderfully elaborate caskets in metal-work, what English workman 
can approach him? His ideas discover an endless originality ; indi- 
vidual impulse, rather than education, seems to inspire his fancy, al- 
though it may work according to received traditions of the quaint or 
beautiful ; and, look where we will through a most miscellaneous col- 
lection, we can scarcely see a trace of servile repetition. In his pic- 
torial art he can convey a world of expression and suggestion in the 
very smallest number of touches. Yet when it pleases him to finish, as 
when he is painting on his delicate porcelain, he is scarcely to be sur- 
passed in harmonious minuteness, As for his colors, you may puzzle 
out his secret if you can; at least he shows you in an open case the 
chemicals which, as he professes, form his ingredients, All that can 
be said is, that none of the numerous attempts at imitation have ever 
proved to be any thing approaching a success. That strange superior- 
ity in color, not only in the tints, but in their management, is to be re- 
marked in every one of the Oriental courts. The silks of China excel 
even those of Japan, in their bright blues and gorgeous crimsons; while, 
for softened brilliancy and exquisite delicacy of blending, the Persian 
carpets are confessedly unequalled. The invariably subdued beauty 
of these patterns argues something more than great mechanical per- 
fection in the arts of color-making and dyeing. It is proof of a gen- 
eral purity of taste on the part of the Oriental purchasers for whom 
the fabrics were originally intended ; for, although many of the best 
may now be consigned to Europe, the manufacture, precisely as we 
see it, has been practised from time immemorial; there are carpets in 
the Exhibition called modern by comparison, although they may date 
back for a century or so, and these are of patterns exactly similar to 
the latest ones. In every thing exhibited from China and Persia, the 
work is almost invariably good, and the designs felicitous ; although, 
except in certain specialties, they cannot vie with Japan, yet every 
now and then one stumbles upon something that is extremely beauti- 
ful in art. So much can hardly be said of Turkey. Turkey makes a 
very imposing display; the Sultan contributed £100,000 toward form- 
ing the collection, and some of the great merchants in Constantinople, 
Smyrna, and elsewhere, have apparently done their best to advertise 
themselves. There is a good deal shown in Turkey, as well as in 
Tunis, that would have attracted great admiration had there been no 
Japan and no China to provoke unfavorable comparison. The famous 
Turkey carpets can scarcely be said to be satisfactorily represented. 
The very best, beautiful as the texture is, fall far short, even in that 
respect, of the Persian; while the contrasts displayed in the body of 
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the Turkish patterns are too often disagreeably violent. But for the 
most part the carpets exhibited are of a very ordinary class indeed. 
The inlaid margueterie and cabinet-work seems rude in design and 
coarse in execution, if we measure it against the Japanese standards, 
The carved olive-wood from Jerusalem recalls the pedlers’ hawking 
goods made for sale at the doors of the Holy Sepulchre. Here and 
there are some exquisite arms among many that are inferior; but even 
the very best of them are excelled by the Persians. There are grace- 
ful shapes in the pottery, but they are not unfrequently marred by de- 
fects in the workmanship. There is a great collection of figures in the 
various national costumes, and the dresses strike one as being some- 
what incongruous. On the whole, the only articles in which Turkey 
may be said to show to decided advantage are some extremely rich 
furniture stuffs, the choicest of which seem to have been already sold 
or removed, and the dyed morocco, which, in its vividness of color, 
shames any thing that can be shown by the West. It must be re- 
membered, however, that the Turk gives almost as many months to 
the dyeing process as the European allows days. Taste apart, we 
may perhaps console ourselves for the inferiority which we must con- 
fess by repeating that facts like this deliberate process of dyeing fur- 
nish the key to much of the Oriental excellence. Time is of no value 
in the East, and patience and indefatigable perseverance have always 
been the willing handmaids of their arts and manufactures.—Saturday 


Review. 





THE MORBID EFFECTS OF HEAT. 
By WM. J. YOUMANS, M. D. 


HE healthy human body has a temperature which varies but little 
either way from 99° Fahr. The heat required to maintain this 
temperature is derived from the oxidation within the body of the ele- 
ments of the food. In other words, our bodies are furnaces; the food 
we take is the fuel which supplies the furnace, and the air we breathe 
is the draught that keeps the combustion going. The amount of heat 
thus evolved is, in health, always in excess of that needed to maintain 
the required temperature. There is, therefore, a constant overplus, a 
part of which is converted into mechanical work, while the remainder 
escapes as waste, partly along with the matters passing out of the 
body through the lungs, kidneys, and skin, and partly by the pro- 
cesses of conduction and radiation. 

In estimating the morbid effects of external heat upon the living 
body, this waste requires to be taken into account, as its fluctua- 
tions, through the operation of surrounding conditions, have much to 
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do with the regulation of the body-temperature. If, by exposure to 
cold, for example, heat is lost more rapidly from: the surface than it is 
supplied within, its warmth must decrease, and there needs but a 
few degrees of fall to induce disease; on the other hand, if, by ex- 
posure to external heat, loss from the body is impeded, its tempera- 
ture rises, and disease again results. 

In hot climates, or during the hot season in temperate latitudes, 
we are in contact with an atmosphere which frequently attains a tem- 
perature nearly or quite equal to that of the body; and, at such times, 
our sensations tell us that we are losing heat less easily than during 
the cooler portions of the year. But, when thus exposed, the extensive 
evaporating surfaces of the lungs and skin are called into more active 
play ; and, if the air is of average dryness, heat is rapidly thrown 
off by perspiration, the loss being so nicely adjusted that a uni- 
form temperature of 99° Fahr. is continuously maintained. This heat- 
regulating function of the organism is one of the marvels of physiol- 
ogy. In spite of the vicissitudes of climate and season, it ever holds 
the temperature at a uniform degree, and, even under the stress of high 
artificial heat, is able to keep the balance comparatively unchanged. 
Blagden and Fordyce exposed themselves in an oven to a heat of 
260° Fahr., without serious inconvenience, and with but a slight rise 
of temperature. But the air was dry, and the heat was kept down by 
perspiration. The substitution of moist for dry air in the oven hin- 
dered evaporation, and the temperature of the body rose rapidly. 
With this hasty sketch of the heat-producing and _ heat-regulating 
functions of the animal economy, we pass to a brief consideration of 
some of the more important ill-effects resulting from the action of ex- 
cessive heat on the conditions of health and on the body itself. 

High temperature is a powerful aid to decomposition. Dead or- 
ganic matter, under its influence, speedily decays, giving rise to 
foul and poisonous products which, escaping into the atmosphere, 
find their way, sooner or later, into the system. Here they work 
various forms of mischief. Like sulphuretted hydrogen gas, they 
may be directly poisonous, or, like carbonic-acid gas, may act by 
diluting the air, and so, by reducing the normal supply of oxygen, 
interfere with the due oxygenation and purification of the blood. The 
filth of towns is always highly charged with organic matter, and this, 
when rapidly decomposing in the heats of summer, has long been recog- 
nized as a prolific source of disease. 

Decaying vegetable matter in the soil is held to be the source of 
malarial poison; amd here, again, if moisture is present, decay is al- 
ways hastened and increased by excessive heat. So great, in the 
opinion of Dr. Parkes, is the influence of heat on ‘the dey elopment 
and spread of malarious disease, that, in selecting a residence with a 
view to escaping its effects, he recommends that, in tropical countries, 
the point be 1,000 or 1,500 feet higher above the source of the poison 
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than is required in temperate latitudes. The remittent form of mala- 
rious fevers, according to Dr. Maclean, “is most prevalent and fatal 
where high temperatures and malaria act in combination.” The same 
authority also says: “I have, ina great many instances, observed in- 
termittents pass at once into a severe type of the remittent form, ap- 
parently from no other cause than the descent from comparatively 
cool and elevated regions into the heated plains, and this under cir- 
cumstances where there was no reason to believe that the sufferers 
had been again exposed to malaria.” 

In the production and spread of cholera, and yellow fever, exces- 
sive heat also has an important share. Both are most intimately asso- 
ciated with decomposing filth ; both are conveyable by the putrefying 
stools of the sick, and both flourish most in hot climates and hot sea- 
sons. In the case of cholera, the bad effects of extreme heat are abun- 
dantly shown by what has been observed in the tropics. “In Ben- 
gal,” says Dr. Goodeve (Reynolds’s “System of Medicine,” vol. i., p. 
129), “the hot seasons, including the hot, and dry, and rainy seasons, 
have witnessed the worst epidemics.” The most fatal cholera months, 
in both tropical and temperate countries, are found between April 
and September. Among European troops in Bombay, according to 
Dr. Ewart’s tables, which cover a period of eight years, more than 
50 per cent. of the cases treated in the six months from April to 
September died, while but little over 19 per cent, of the cases treated 
in the other six months of the year were fatal. That the disease oc- 
curs in winter is undoubted, but that it is much less general and severe 
is equally true. Yellow fever, though resembling cholera in many 
ways, is unlike it in this—a temperature of 70° or 72° Fahr. is abso- 
lutely requisite to its development and propagation, and the occur- 
rence of frost at once puts an end to its ravages. 

Heat also contributes largely toward the production of diarrhea, 
its more common form, in recognition of this, taking the name of 
summer complaint. The disease is far more common and more fatal 
in hot than in cold climates, and in the summer season of temperate 
climates than in the winter. Putrefying organic matter, held in sus- 
pension in drinking-water, is, according to Dr. Parkes, one of the most 
common causes of diarrhea, and this condition of the water is very 
frequent in summer, and comparatively rare in winter. 

In all these instances heat appears to act not so much upon the 
body itself as upon the various external agencies influencing health, 
It is to bad conditions what fire is to powder. If the match is with- 
held, the powder is harmless; but, as the two are liable to come 
together, we secure safety by removing the magazine. So the pres- 
ence of filth in water, in soil, and above-ground, may be innocu- 
ous by itself, but let the action of heat touch it off into decompo- 
sition, and we at once get the effects in the shape of disease. Heat 
thus aids the pollution of both air and water, keeps alive and active 
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the germs of disease in the excreta of the sick, and in both ways favors 
the spread of contagion. 

Its direct action upon the person becomes most apparent when 
some of the functions are going wrong. When the body is healthy, 
and proper precautions are taken in its management, there is little to 
fear from exposure to heat. Observers in tropical countries tell us that 
excessive heats are borne with impunity by the healthy, and that it is 
mostly those who are either temporarily or chronically out of order 
that eventually suffer. Not that the body can bear unlimited exposure 
to great heat, any more than it can endure continuous exertion, but 
that it is capable of maintaining itself under even excessive heat, if 
the exposure is not too prolonged. When its powers are impaired by 
some local or constitutional complaint, however, and it is less able to 
do the extra work which the influence of excessive heat imposes, then 
is the time when even slight exposure may be followed by the most 
serious consequences. 

Authors describe several forms of acute disease that are traceable 
to heat as the exciting cause, but, as all of these partake more or less 
of the nature of sunstroke, and as we are writing for the public rather 
than the physician, it is not necessary here to go into their distinguish- 
ing features. Sunstroke,or the disease hitherto passing under that 
name, though known since early times, is even yet not well understood, 
Up to within a few years, it was believed by patient and physician 
alike that, to produce it, the body, and especially the head, must be 
exposed to the direct rays of the sun. There is now abundance of 
proof to the contrary. In his admirable little work, entitled “ Ther- 
mic Fever, or Sunstroke,” Dr. H. C. Wood quotes the records of its 
occurrence in barracks, hospitals, and tents, and not infrequently in 
the night-time, in many cases without immediate previous exposure 
to the sun. According to Dr. Bonnyman, as cited by Dr. Wood, 
“ By far the greater number of cases that yearly occur in India are of 
men who have not been exposed to the sun. It is pot unusual for men 
to go to bed in apparent health, and to be seized during the night; 
and patients in hospitals, who have been confined to bed for days pre- 
viously, are frequently the subjects of attack.” Dr. Swift testifies to 
its production by exposure to artificial heat, eleven cases treated by 
him having been attacked in the laundry of an hotel ; while several others 
occurred in sugar-refineries. Dr. Wood mentions a case of his own, 
which also originated in a sugar-refinery. Dr. Maclean, in the second 
volume of Reynolds's “ System of Medicine,” quotes M. Boudin to the 
effect that one hundred cases of sunstroke occurred on the French 
man-of-war Duguesne at Rio Janeiro, most of them at night while 
the men were lying in their bunks. Much more of similar import 
might be offered, but enough has been said to show that it is great 
heat which precipitates the attack, and that it makes little differ- 
ence whether this come from exposure to the direct rays of the sun, 
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or from a highly-heated atmosphere, or indeed from some artificial 
source. 

But while heat is rightly regarded as the principal if not the sole 
exciting cause, there are other conditions, as previously stated, which 
contribute largely toward bringing on the attack. Of these, overcrowd- 
ing, and its associate, insufficient ventilation, are among the most impor- 
tant. The histories of the outbreaks that have occurred in barracks, 
in tents, and on shipboard, refer to these conditions as always present, 
and also mention that both officers and men in every other way simi- 
larly cireumstanced, but provided with plenty of room and ventilation, 
did not suffer. 

Another and equally important predisposing cause is the exhaus- 
tion produced by prolonged exertion. The fact that a large propor- 
tion of the cases occurring in this country are of persons engaged in 
laborious occupations is evidence of this, and if more is needed it is found 
in the experience of army-surgeons in India, who state that some of the 
severest epidemics ever witnessed in that country took place among 
the troops toward the close of long and fatiguing marches, when not 
a case was observed while the men were fresh anu vigorous. 

Want of acclimatization is set down as another powerful predispos- 
ing cause. “ Foreigners,” says Dr. Wood, “are always attacked in 
much larger numbers than natives of the tropics. It must be remem- 
bered, however, that no amount of acclimatization will afford certain 
protection, as even the Hindoo, born and bred in the stifling air of 
Bengal, is occasionally attacked. : 

Tight-fitting clothing, which impedes the circulation and hinders 
the movements of the body, likewise invites attack. Formerly soldiers 
in India were dressed, in the hottest weather, with tightly-buttoned 
coats, stiff leather stocks, heavy cross-belts over the chest, and a cap 
peculiarly adapted to concentrate the rays of the sun upon the head. 
When so accoutred, according to the testimony of their medical officers, 
sunstroke among them was common ; and, since this style of dress has 
been done away with, it is much less frequent. 

Persons addicted to spirit-drinking are by many writers believed 
to furnish a much larger proportion of cases than abstainers. 

The presence of a large amount of watery vapor in the air is held, 
by Parkes and others, to predispose to sunstroke. By opposing evap- 
oration from the surface, it favors the rise of animal temperature. 

Other causes predisposing to sunstroke are given by different 
writers; they are, however, of the same general nature as those 
already enumerated, being simply conditions which either diminish the 
powers of the system, or for the time being impose upon them some 
heavy tax. Whether death from sunstroke is due to the action of 
heat on the nervous system, or to the coagulation of the muscle-plasma 
(myosin) of the heart, or to blood-poisoning, or in some cases to 
one, and in others to another of these causes, as maintained by dif- 
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ferent physicians, it is not necessary here to inquire. What chiefly 
concerns us now, having pointed out the principal causes of the dis- 
ease, is to learn something of its symptoms, how in the absence of 
the doctor it should be treated, and what to do to avoid it. 

The serious disturbance of all the functions occasioned by sun- 
stroke results, as might be expected, in a great variety of symptoms, 
In a small proportion of cases, however, the attack is so sudden and 
so quickly fatal that little chance for the development or observance 
of symptoms is afforded. The patient suddenly falls, gasps a few 
times, and dies. But, in the majority of instances, premonitory symp- 
toms are present. The more constant, as given by the best authori- 
ties, are great heat and dryness of skin, a varying degree of pain in 
the head, attended oftentimes with giddiness, congestion of the eyes, 
full, rapid pulse, which grows feeble and irregular as the disease ad- 
vances, obstinate constipation, irritability of bladder, and great op- 
pression or sense of weight about the region of the heart, with not un- 
frequently muscular weakness and a disinclination for exertion. If 
these symptoms continue, the patient soon passes into a state of pro- 
found insensibility. The pupils fail to respond to the action of light, 
and may be somewhat contracted, the breathing becomes hurried and 
difficult, and the action of the heart is irregular and tumultuous. Con- 
vulsions may come on early, or be postponed until late in the disease, 
or they may be absent altogether. Numerous minor and less constant 
phenomena have been recorded by different observers ; but, when a 
person is suddenly attacked, during exposure to great heat, the symp- 
toms already enumerated will enable any one of ordinary intelligence 
to recognize the true character of the disease. 

Only such measures of treatment will be suggested as any one of 
common-sense can apply; and they may be the means, if promptly 
resorted to, of ultimately restoring the patient, when, if nothing were 
done until the physician arrived, he might then have passed beyond 
the reach of help. 

When the signs of an attack appear, the sufferer should be imme- 
diately taken to the nearest shade, preferably in the open air, but, at 
all events, where the freest ventilation can be seeured. His body 
should at once be stripped, and the head, neck, and chest, continuously 
drenched with cold water. Let this be followed up, not timidly, but 
with boldness, until respiration is reéstablished, after which it may be 
applied at short intervals, until a perceptible diminution of the tem- 
perature of the body has taken place, or until the doctor arrives. It 
is the great heat of the body that menaces life, and, the sooner this 
can be reduced into the neighborhood of the natural temperature, the 
better for the patient. In rare instances this free use of cold water, 
by the powerful impression it makes on the nervous system, excites 
convulsions, in which case it may be discontinued, and rubbing the 
surface with pounded ice resorted to. An injection of ice-cold water, 
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as recommended by Dr. Parkes, may, at the same time, be given. 
When he can swallow, the patient should be encouraged to drink 
freely, and, if vomiting follows, so much the better, as this tends to 
relieve the lungs, which are always greatly congested. Other meas- 
ures of treatment, and the management of after-consequences, may be 
most safely left in the hands of the physician. 

After what has been said, the means to be adopted for the avoid- 
ance of sunstroke will readily suggest themselves. Great care must 
be taken to preserve intact the function of the skin, and nothing is 
better for this than frequent bathing, and friction of the surface. 
Hard labor, in a close, highly-heated atmosphere, or during extreme 
hot weather, in the sun, should be carefully shunned, and the use of 
spirits, if previously indulged in, entirely discontinued. The dress 
should be such as will permit free loss of heat, preferably linen, and on 
no account should it be so close fitting as to hinder the motions of 
the chest, neck, or head. A light hat, permitting free circulation of 
air about the top of the head, is very useful. English troops in India 
wear light wicker-helmets made of bamboo, and covered with cotton, 
These permit thorough ventilation of the head, and, according to Dr. 
Parkes, have diminished the frequency of sunstroke, 





SKETCH OF PROFESSOR COFFIN. 


ROM Sir Richard Coffin, Knight, who accompanied William the 
Conqueror to England in 1066, springs the genealogical tree that 
bears the name of Tristram Coffin, the pioneer owner of the island of 
Nantucket, whose American descendants have been engaged, to a 
large extent, in navigation. Of these, and fifth in line of descent 
from Tristram, is the subject of this sketch. 

Prof. James Henry Corrry, LL. D., was born in Williamsburg, 
Mass., on the 6th day of September, 1806. He was, therefore, sixty-six 
years old at the time of his decease, which occurred February 6, 1873, 
at Lafayette College, Easton, Pa., where he had long filled the pro- 
fessorship of Mathematics and Astronomy. He graduated at Am- 
herst College in 1828, and the year following established, at Green- 
field, Mass., the Fellenberg Manual Labor Institution, which for eight 
years continued to be one of the rarely successful instances of this 
system in our country. He subsequently became the Principal of the 
Ogdensburg (N. Y.) Academy, and, in 1839, a member of the Faculty 
of Williams College. In 1846 he became Professor of Mathematics 
in Lafayette College. In the interests of this institution he labored 
zealously till the close of his life, being rewarded by seeing it rise to 
its present high rank among our colleges. 
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As a teacher he was laborious and enthusiastic, and his success 
was remarkable. He secured the respect and love of his pupils to a 
degree seldom equalled ; but he was also a zealous student in science, 
and published several valuable works as the results of his researches, 
Among these are his “ Analytical Geometry,” and his “Conic Sec- 
tions,” which, at one time, were extensively used as text-books in our 
colleges. While connected with the Fellenberg Institution, he pub- 
lished two works on book-keeping, that were adopted by the State 
schools of Massachusetts. He read many valuable papers before the 
American Association for the Advancement of Science, of which he 
was, from its organization, a member; and also before the National 
Academy of Science, for the recent meeting of which he had in prepa- 
ration an article on the Storm-curve, the object being to show that it 
was an hyperboloid, the equation of which he had computed. 

His chief reputation, in science, was achieved by his researches in 
the department of meteorology. These were commenced in 1839, 
while Principal of the Ogdensburg (N. Y.) Academy. He took simul- 
taneous and constant observations of the barometric changes connected 
with the variations of the wind-vane and with the fall of rain. His 
instruments were self-registering. Each motion of the vane directed 
a minute but constant stream of dry sand into some one of 32 station- 
ary hoppers, corresponding in position to as many points of compass. 
The weight of sand found in the several receptacles below each hopper 
showed the length of time that the vane had pointed in that direction. 
The rain-gauge was an inverted cone, having an horizontal surface of 
172.8 square inches: the rain falling into it passed down, through an 
orifice so small that no appreciable evaporation could occur, into a 
close-fitting can. One inch of rain in depth would, therefore, make 
fy of a cubic foot when collected, the weight of which is 100 ounces. 
Each ounce that the can contained after a storm, consequently, repre- 
sented 4, of an inch in perpendicular fall. The amount necessary 
to merely moisten the funnel without precipitation into the can is 
easily determined as a constant. The results of these observations for 
the year 1838 were published by Prof. Coffin in the Meteorological 
Register, a monthly journal, of which he issued the first number in 
January, 1839. It was devoted to the discussion of various phenom- 
ena connected with physical science. Though the demand for a peri- 
odical of this nature was insufficient to sustain it, it brought into cor- 
respondence many who were interested in such subjects. The investi- 
gation of rainfall and evaporation had present practical value in being 
made the basis of the report of the committee of the New York Senate, 
in 1839-’40, appointed to consider the enlargement of the canal system 
of the State by the construction of the Genesee Valley Canal. These 
studies were afterward extended to form the chapter on the climate of 
the State, published in the “ Natural History of New York,” in 1845, 
in which the inquiries took a wider range; and questions of vegeta- 
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tion, agricultural epochs, the migration of birds, etce., were introduced. 
A determination was also made of the amount of rise in the thermom- 
eter per hour, during the prevalence of winds from the northeast by 
east to south-southwest, and the unequal corresponding decrease of 
temperature when the winds were from the northwesterly points of 
compass. 

While at Williams College, Prof. Coffin erected, upon the Grey- 
lock peak of Saddle Mountain, at a height of nearly 4,000 feet above 
the ocean, an observatory, where continuous observations were taken, 
even through the winter season, when for three months it was imprac- 
ticable to ascend the peak. In this interval the clock-work faithfully 
did its entire duty. The anemometer had been changed by substi- 
tuting for the stream of sand a series of cards half an inch square, 
laid consecutively on a moving band that deposited one of them every 
fifteen minutes, Each card being inscribed with the day and hour it 
represented, when the receptacle marked “ North,” for example, was 
examined, all the cards found in it indicated the exact quarter-hour in 
the past three months when the wind was from that direction. In 
1872 he constructed, for the observatory of the Argentine Confedera- 
tion, at Cordova, a duplicate of this instrument, with improvements 
by John M. Junkin, M, D., similar to the one in use at Lafayette Col- 
lege. 

. The “ Results of Meteorological Observations for 1854—’59,” in two 
volumes, quarto, 1757 pages, prepared under his supervision, under 
the auspices of the Smithsonian Institution, constitute a vast fund 
of condensed material from which to study the climate of North 
America. 

But the great work of Prof. Coffin’s life was the development of 
his theory of the winds, under the auspices of the Smithsonian Insti- 
tution, the following account of which has been furnished us by Prof. 
Henry, Secretary of the Institution : 

The results of the scientific labors of Prof. Coffin include contribu- 
tions to astronomy, mathematics, and especially to meteorology. His 
labors in regard to the latter branch of science commenced immediate- 
ly after his graduation, and were continued, almost uninterruptedly, 
until the time of his death. He was early recognized as one of the 
meteorologists of the country, and, on the establishment of the Smith- 
sonian Institution, he was invited to become one of its collaborators 
in that line. All the materials which were collected from the ob- 
servers of the Institution, and from those of the army from 1854 to 
1859 inclusive, were placed in his hands for reduction and discus- 
sion. This work was conscientiously and thoroughly performed, and 
the results published in a quarto volume of upward of 1200 pages. 
In conducting this work, Prof. Coffin engaged the services of some of 
the students of Lafayette College, and a large number of women. The 
wages of these computers were paid by an appropriation from Con- 
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gress, while the services of Prof. Coffin himself, in directing and super- 
intending the whole, were entirely gratuitous. 

But the great work to which he owes his celebrity, in all parts of 
the world, is his treatise on “The Winds of the Northern Hemisphere,” 
published in the “Transactions of the Smithsonian Institution,” vol. vi., 
in 1853. This work had been commenced at least ten years before 
the date of its publication, a communication having been made in re- 
lation to it to the American Association for the Advancement of Sci- 
ence, in 1848, 

The materials on which it was based were derived from all acces- 
sible sources, including 600 different stations on land, and numerous 
positions at sea, extending from the equator to the 83d degree of 
north latitude, the most northerly point ever reached by man, and 
embracing an aggregate period of over 2,800 years. 

The design of the work was to ascertain, as far as possible, the 
mean direction in which the lower stratum of the air moves in differ- 
ent portions of the Northern Hemisphere, its rate of progress, the modi- 
fication it undergoes in different months of the year, the amount of 
deflecting forces, and its relative velocity from different points of the 
compass, The collection of this material involved an amount of cor- 
respondence and bibliographical research which but few would under- 
take, even with the hope of pecuniary reward, and still fewer for the 
love of truth, and the acquisition of knowledge for its own sake. But 
the labor of computation, and discussion of the materials, was an 
almost Herculean task, to which years of silent and unobtrusive labor 
were devoted. The work consisted mainly of about 140 quarto tables 
of figures, with descriptive deductions, and illustrated by maps. Each 
of these figures is the result of laborious calculations, since the method 
of determining the velocity and direction of the wind is the same as 
that employed by the mariner in determining the distance in a straight 
line, and direction at the end of a given time, from the place of his de- 
parture. In this work Prof. Coffin was the first clearly to establish 
the fact, by accugate comparison of observations, that there are three 
great zones of winds in the Northern Hemisphere. The first belt is 
that of the region of the easterly trade-winds, extending northward in 
the Western Hemisphere to about the 32d degree north latitude, and in 
Europe to the 42d degree. The second is the great belt around the 
world of the return-trades, in which the predominant direction is from 
the west. This extends northward in America to 56°, and in Europe 
and Asia to about 66° north latitude. Beyond this, principally within 
the Arctic Circle, is a belt of easterly or northeasterly winds. The 
common pole of these belts or zones has not the same position as that 
of the geometrical pole of the earth. It appears to be in latitude 84° 
and longitude 105° west of Greenwich, and has been denominated by 
Prof. Coffin the meteorological pole. 

These results are in general accordance with the mathematical de- 
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ductions from the theory of the winds of the globe, which considers 
them as due to the combined action of the movement produced in the 
air by the greater heat of the equator, and the rotation of the earth on 
its axis. ; 

The researches of Prof. Coffin also strikingly exhibit the fact of 
the influence of the seasons in modifying the direction of the wind, or 
in producing the results denominated monsoons, Thus, along the 
eastern coast of North America, as is shown on the maps, the tendency 
during the summer months of the opposing forces is to lessen the domi- 
nant westerly wind, and this effect is noticed even beyond the Missis- 
sippi, as well as in the Atlantic Ocean along our coast. The effect is, 
undoubtedly, due to the change of temperature in the land—the tem- 
perature of the ocean remaining nearly the same during the year, while 
that of the land is greatly increased in summer above the mean, and 
depressed in winter. From this cause the air will tend to flow toward 
the centre of the continent from the ocean in summer, and from the 
same centre toward the ocean in winter. 

The results of the investigations of Prof. Coffin have been referred 
to in all the treatises on meteorology which have appeared since their 
publication, and they have been employed with other materials as the 
basis of the wind-charts of the Atlantic and Pacific Oceans, prepared 
and published by the English Board of Trade. 

In attentively studying the result of Prof. Coffin’s labors, we can- 
not but be struck with his conscientious regard for accuracy, and his 
devotion to truth. In all cases in which the results do not conform to 
the theory which explains the general phenomena, the discrepancies 
are fully pointed out ; and, where he is unable to suggest an hypothet- 
ical cause of the anomaly, he candidly acknowledges his ignorance. 
In this respect he is an admirable example of a successful investigator, 
since errors in science as frequently occur from defects of the heart as 
from those of the head. 

After the publication of the work on the winds, he continued to 
collect materials, at first with a view to an appendix, and finally ex- 
terided his investigations to the winds of the entire globe. To aid in 
this enterprise, the Smithsonian Institution placed in his hands all the 
observations on the winds, which it had obtained from its numerous 
observers during the twenty years since the system was commenced, 
together with the observations made by the officers of the army, as 
well as the extensive series of materials in the various series of trans- 
actions of scientific societies of the Old World, obtained through the 
exchanges of the Institution. This work, for several years past, Prof. 
Coffin prosecuted with unremitting assiduity during all the intervals 
which could be spared from his laborious professional duties. Un- 
fortunately, however, he was not spared to complete the work, al- 
though it is in such a condition as to be readily finished under the 
direction of the principal assistant employed by Prof. Coffin. It is 
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expected that the tables will all be completed during the present 
summer, and that the printing of the work will be commenced next 
autumn, 

In reviewing what may be called the extra labors of Prof. Coffin, 
we cannot refrain from endeavoring to impress upon the mind of the 
general public that men of his character, who do honor to humanity, 
ought not to be suffered to expend their energies in the drilling of 
youth in the mere elements of knowledge, and with a. compensation 
not more than sufficient to secure the necessaries of life; that they 
should be consecrated as officiating priests in the temple of knowledge, 
be furnished with all the appliances and assistance necessary to the 
accomplishment of their objects, namely, the extension of the bounds 
of human thought and of human power. 

The premature death of Prof. Coffin is a loss to the world, and, in 
regard to him, we have to deplore that so much of his valuable life 
was expended in the drudgery of teaching, which ought to have been 
devolved upon inferior minds, 


Dr. Joun W. Foster, the distinguished geologist and ethnologist, 
of Chicago, died June 29th. He was born at Petersham, Mass., March 
4, 1815, and graduated at the Wesleyan University, of Middletown, 
Conn. He subsequently moved to Ohio, and connected himself with 
the geological survey of that State. In 1849 he entered upon a geo- 
logical examination of the Northwest, in company with Messrs. Jack- 
son and Whitney; and the observations they made are embraced in 
two volumes, entitled “ Report on the Geology and Topography of the 
Lake Superior Land District” (1850-52), Dr. Foster published an 
elaborate volume, “The Mississippi Valley,” which gave an account of 
the physical geography, topography, botany, climate, geology, and 
mineral resources, of that vast and important region of the continent. 
He was President of the American Association for the Advancement of 
Science, at its meeting in Salem, in 1869, and has contributed numer- 
ous papers to the proceedings of that body and to the Chicago Acad- 
emy of Sciences. He has been long engaged in the preparation of a 
work on the “Prehistoric Races of the United States,” which was 
completed and printed, but not yet published, at the time of his 
death. It is an elegant volume, and a valuable contribution to the 


subject. 
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HYDROPHOBIA AN ACTUAL, NOT ALWAYS 
AN IMAGINARY DISEASE. 

To the Editor of the Popular Science Monthly : 

O doubt it is true that many persons 

have become ill, after being bitten by 
dogs, under a strong apprehension of hydro- 
phobia. But, while scientific medical men 
ought to be, and mostly are, ready always to 
study “anew,” that is, in view of all new 
facts, their oldest and most firmly-held opin- 
ions, yet some things have been clearly ascer- 
tained on this subject—not as matters of 
opinion, but as facts: First, that dogs (and, 
less often, some other animals) are subject 
to attacks of rabies, having a period of incu- 
bation, after being bitten, averaging, accord- 
ing to Youatt, five or six weeks. Also, 
every author of standing on the practice of 
medicine or surgery recognizes the fact 
that about one in ten of those human be- 
ings, of any and all ages, who are bitten by 
rabid dogs, will be, mostly within a month 
or six weeks, affected with symptoms entire- 
ly peculiar, ending in death in a few days, 
notwithstanding all the methods of treat- 
ment yet devised and used. 

But the cases occurring in children are 
certainly the most convincing. Twenty 
years ago, I saw such a case, the whole his- 
tory of which was known to me, in a boy 
eight years of age. My friend Dr. Lodge, 
of Montgomery County, Pennsylvania, in- 
forms me that, a few years since, he had 
charge of the case of a child of five years 
of age, some account of which occurs in 
Gross’s standard work on surgery. 

The importance of a right popular ap- 
prehension of the truth on this subject is 
considerable. Not only is it necessary that 
every clearly rabid animal should be killed 
promptly, and every suspected one fastened 
up and watched in security, but also that 
due measures of prevention should be resorted 
to at once, when any one is bitten. These 
measures (generally known) are, either the 
removal of the part, when practicable, or 
thorough caulerization, Should the idea be- 
come common that there is no such disease 








as hydrophobia in the human subject, as 
appears to be intimated in the article in 
your interesting “ Miscellany,” in Tue Porv- 
LaR Science Monruty for June, all such 
precautions are likely to be neglected, at 
the imminent risk of many lives, which, by 
means of such measures (if they be resorted 
to immediately), can be protected from this 
truly terrible malady. 
Very respectfully, 
Henry HarrsHorne, 





THE TRANSFUSION OF BLOOD. 

To the Editor of the Popular Science Monthly : 

Tue perusal of the article with the 
above title, in the April number of your 
magazine, brings to my mind two or three 
paragraphs from “ Pepys’s Diary” bearing 
on that subject, which may be interesting 
to your readers. Under date of November 
21, 1667, we find: “ With Creed to a Tav- 
ern, where Dean Wilkins and others: and 
good discourse; among the rest, of a man 
that is a little frantic (that hath been a kind 
of minister, Dr. Wilkins saying that he hath 
read for him in his church), that is poor 
and a debauched man, that the college have 
hired for 20s. to have some of the blood 
of a sheep let into his body ; and itis to be 
done on Saturday next. They purpose to 
let in about twelve ounces; which, they 
compute, is what will be let in in a minute’s 
time by a watch.” November 30th, we 
have the sequel: “I was pleased to see the 
person who had his blood taken out. He 
speaks well, and did this day give the 
(Royal) Society a relation thereof in Latin, 
saying that he finds himself much better 
since, and as a new man; but he is cracked 
a little in his head, though he speaks very 
reasonably, and very well. He had but 
20s. for his suffering it, and is to have the 
same again tried upon him; the first sound 
man that ever had it tried on him in Eng- 
land, and but one that we hear of in 
France.” November 14, 1616, I find: “ Dr. 
Croone told me that, at the meeting at 
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Gresham College to-night, there was a 
pretty experiment of the blood of one dog 
let out (till he died) into the body of an- 
other on one side, while all his own run out 
on the other side. The first died upon the 
place, and the other very well, and likely to 
do well. This did give occasion to many 
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pretty wishes, as of the blood of a Quaker 
to be let into an archbishop [e. g., Laud ?} 
and such like; but as Dr. Croone says, may, 
if it takes, be of mighty use to man’s health, 
for the amending of bad blood by borrow- 
ing from a better body.” 

W. Woopsrineg, M. D. 





EDITOR’S TABLE. 


SCIENCE IN EDUCATIONAL DISCIPLINE. 
E note a very healthy curiosity 
on the part of many of our ex- 
changes in regard to the progress of 
Mr. Spencer’s discussion of Sociological 
Study. Now that he has considered 
the “ Theological Bias,” there is much 
solicitude expressed that he shall not 
forget the “Scientific Bias.” Well, he 
has not forgotten it. We give his views 
in the present number of the Montury, 
and commend them to the careful pe- 
rusal of our readers. Mr. Spencer’s 
treatment of the subject, however, has 
important bearings that he does not 
pursue. Although pointing out the in- 
fluence of the study of various sciences 
in forming the mental habits necessary 
to deal with the single subject of So- 
ciology, he in reality develops the dis- 
ciplinary value of the sciences in their 
adaptation to the general work of edu- 
cation. 

And the supreme question of educa- 
tion is undoubtedly that of mental dis- 
cipline. Its primary object is to get 
the use of the tools of learning—the 
arts of reading, writing, and elementary 
computation. So much is indispensable 
for everybody; but, where education 
proceeds to its higher work, the next 
step is the application of the imple- 
ments to the acquisition of knowledge. 
Here difficulties arise from its bound- 
less extent. All subjects cannot be 
studied; whole ranges of them can 
never be even approached by any sin- 
gle mind; and, as what can be actually 
acquired is relatively so small, it was 
long ago seen that the main work of 





the school must be to form the mind 
and develop its capacities for effective 
action in subsequent life. An impor- 
tant truth was here recognized, but 
its bearing and exact value were far 
from well understood, and its undue 
influence led to bad results. For, al- 
though the principle is sound, that the 
chief purpose of education is to culti- 
vate the mental capacities, yet this can- 
not be done except by means of studies 
selected for the purpose; and it was a 
grave mistake to lose sight of the value 
and adaptation of the knowledge to be 
gained, however comparatively small 
might be its amount. Yet such was 
the result. The staple studies of a 
liberal education had not been chosen 
with a view to their special mental in- 
fluence, and were originally adopted 
for reasons of utility, because they 
were suited to the business wants of 
the professional classes. Yet their su- 
premacy and permanence were defended 
on the ground of their incomparable 
merit for discipline. And, when mod- 
ern studies began to press for increas- 
ing recognition in the higher schools, 
they were resisted on the principle that 
the acquisition of knowledge was not 
the object of academic study, but only 
mental training. The studies in use 
were defended for their superior claims 
in this respect, and the sciences were 
kept out of the schools, or but par- 
tially and grudgingly admitted, because 
they were said to be unsuited for the 
attainment of discipline. But this is 
one of the cases in which the truth 
turns out to be exactly the reverse of 
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old and established opinion. The studies 
that have held their supremacy for 
ages, on the ground of their eminent 
suitableness for menfal discipline, are 
at last losing their ascendency because 
of defects in thisrespect; and the stud- 
ies which were long resisted because 
of their alleged unfitness to train the 
mind, are now coming into wide recog- 
nition as the best and indispensable 
means of attaining this end. 

The educational advance here indi- 
cated is of the highest significance, for 
the old scholastic scheme which vaunted 
its perfect adaptation to the work of 
mental development was chiefly re- 
markable because it did not include a 
single branch of study which brought 
the mind into direct relations with Na- 
ture. It was, in fact, a scholastic cur- 
riculum in which Nature was entirely 
left out, and its discipline could hardly 
be other than partial and artificial. On 
the other hand, it now begins to be 
seen and acknowledged that the com- 
pletest discipline of the human mind 
must come from the comprehensive 
and systematic study of Nature itself. 
This step is an immense gain to ra- 
tional culture by putting an end to the 
old anomaly that the most valuable 
knowledge for application in life is an- 
tagonistic to that required for mental 
development. It isnow perceived that 
“it would be utterly contrary to the 
beautiful economy of Nature if one 
kind of culture were needed for the 
gaining of information, and another 
kind were needed as a mental gymnas- 
tic. Everywhere throughout creation 
we find faculties developed through the 
performance of those functions which 
it is their office to perform ; not through 
the performance of artificial exercises 
devised to fit them for these functions.” 

With the growing study of Nature, 
and the creation of those perfected 
forms of knowledge which we call sci- 
ence, the grave defects of the old meth- 
ods of study have become more and 
more apparent, and are affirmed with 





511 


emphasis by men of broad cultivation 
and the highest intellectual eminence. 
Mr. Mill shows that logic, the very sci- 
ence by which truth is investigated, 
was paralyzed for two centuries by the 
habit, prevailing in the universities, of 
regarding logical propositions as involv- 
ing the relations of ideas instead of the 
relations of the phenomena of Nature. 
So long as logic and the connected 
branches of mental philosophy assumed 
that the investigation of truth consisted 
merely in contemplating and handling 
ideas, little was done in the way of 
discovery. Mind wrongly trained was 
barren of valuable results. It was only 
by the inversion of this procedure, and 
the adoption of the scientific method 
of study which brought the mind face 
to face with natural phenomena and 
gave it a new discipline, that the great 
and fruitful truths of modern knowl- 
edge have been attained. Dr. Whe- 
well, late Master of Trinity College, 
in the Cambridge University, and a 
man of high scholarship, in his va- 
rious works upon education, protested 
strongly against the deficiencies of the 
old system in the matter of disci- 
pline, and demanded the larger intro- 
duction of the sciences to repair their 
defects. He said: “The period ap- 
pears now to have arrived when we 
may venture, or rather when we are 
bound to endeavor to include a new 
class of fundamental ideas in the ele- 
mentary discipline of the human intel- 
lect. This is indispensable if we wish 
to educe the powers which we know 
that it possesses, and to enrich it with 
the wealth which lies within its reach.” 

In an able lecture by Prof. Helm- 
holtz, just published in this country, 
“On the Relation of Natural Science 
to General Science,” he considers the 
several branches of study as exercises 
for the intellect, and as supplementing 
each other in that respect. Admitting 
that a certain kind of discipline is ob- 
tained by the study of grammar and 
philology, he shows that it is radically 
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defective, and requires seientific culture 
to correct it. 


tion as the range of science extends, | 


its system and organization must be 
improved, and it must inevitably come 
about that individual students will find 
themselves compelled to go through a 
stricter course of training than gram- 
mar is in a position to supply. What 
strikes me in my own experience of 
students who pass from our classical 
schools to scientific and medical stud- 
ies is, first, a certain laxity in the ap- 
plication of strictly universal laws. 
The grammatical rules, in which they 
have been exercised, are for the most 
part followed by long lists of excep- 
tions; accordingly, they are not in the 
habit of relying implicitly on the cer- 
tainty of a legitimate deduction from a 
strictly universal law. Secondly, I find 
them for the most part too much in- 
clined to trust authority, even in cases 
where they might form an independent 
judgment.” 

Of such criticisms the literature of 
modern education is full, so that we 
may say that the traditional culture is 
now indicted before the world for 
breaking down at precisely that point 
in which it has claimed the greatest 
strength. That the old method of 
study disciplined the mind was noth- 
ing; the question is, What kind of dis- 
cipline did it afford? All prolonged 
mental effort in any direction gives 
power and fixes habit, but the effect 
may be so narrowing and perverting 
that the discipline becomes an evil in 
proportion to its thoroughness. The 
need and value of scientific studies, as 
a correction of classical discipline, are 
now generally admitted; but, before any 
such correction can be intelligently or 
effectually made, it is necessary to 
know what sort of discipline the study 
of science confers. Science is a com- 
prehensive term; it means various 
groups of sciences which exercise the 
intellect in widely different ways. A 
discipline may be scientific, and still 
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be partial and deficient. 


We were, 
He says: ‘In propor- | therefore, in need of a thorough analy- 
sis of the subject, and a statement of 
what the several sciences are compe- 
tent todo in the training of the men- 


tal faculties. This want has now been 
supplied by Mr. Spencer. 

Obviously the first thing here want- 
ed is a classification of the sciences, 
and it is equally evident that such an 
application of it as is here contem- 
plated would become a test of its valid- 
ity. In a true classification, objects 
are grouped together which are most 
alike in characters, and only those 
sciences which are most similar will 
call forth like mental activities in their 
pursuit. Mr. Spencer divides the sci- 
ences into three groups: Abstract sci- 
ences; Abstract-concrete sciences; and 
Concrete sciences. 

Abstract science is the science of 
pure relation, with no reference to the 
nature of the things related. The ab- 
stract sciences are logic and mathe- 
matics, and they deal with the abstract 
relations under which all phenomena 
are presented. 

Mr. Spencer holds that space and 
time, the forms of phenomena, “ are 
contrasted absolutely with the exist- 
ences disclosed to us in space and 
time; and that the sciences which 
deal exclusively with space and time 
are separated by the profoundest of all 
distinctions from the sciences which 
deal with the existences that space 
and time contain. Space is the ab- 
stract of all relations of coexistence; 
time is the abstract of all relations of 
sequence. And, dealing, as they do, 
entirely with the relations of coexist- 
ence and sequence in their general or 
special forms, logic and mathematics 
form a class of the sciences more wide- 
ly different from the rest than any of 
the rest can be from one another.” 
These sciences are, therefore, better 
suited than any other to establish in 
the mind “unshakable beliefs in ne- 
cessities of relation;” and Mr. Spen- 











cer points out the unequal values of 
logic and different branches of mathe- 
matics for this purpose. 

As the first division takes into ac- 
count only ideal relations, the second 
division takes up relations among re- 
alities. It includes concrete things, 
and gives rise to a division which Mr. 
Spencer, therefore, calls the abstract- 
concrete sciences. These are mechan- 
ics, physics, and chemistry. They deal 
with the laws of forces as manifested 
by matter, but when artificially sepa- 
rated from one another. Mechanics, 
physics, and chemistry have, for their 
object, to generalize the laws of rela- 
tion of their several phenomena, when 
disentangled from those actual condi- 
tions of Nature in which they are mu- 
tually modified. For example: “In 
works on mechanics, the laws of mo- 
tion are expressed without reference 
to friction and resistance of the me- 
dium. Not what motion ever really 
is, but what it would be, if retarding 
forces were absent, is asserted. If any 
retarding force is taken into account, 
then the effect of this retarding force 
is alone contemplated: neglecting the 
other retarding forces.” This group 
of sciences introduces a new order of 
ideas which call out a different form 
of mental exercise. They deal with 
causation, and have great value in 
giving “distinctness and strength to 
the consciousness of cause and effect.” 
By familiarizing the mind with num- 
berless simple and separate cases of 
the action of forces, “they make it im- 
possible to think of any effect as aris- 
ing without a cause, or any cause as 
expended without an effect; and they 
make it impossible to think of an effect 
out of proportion to its cause, or a 
cause out of proportion to its effect.” 

Mr. Spencer's third division com- 
prises what he terms the concrete 
sciences, or the real, as contrasted 
with the wholly or partially ideal sci- 
ences. They include astronomy, geol- 
ogy, biology, and psychology, which 
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consider phenomena in their totalities 
or aggregates. These sciences, being 
far more complex than the preceding, 
and presenting their various phenom- 
ena in combination, are suited to cul- 
tivate the synthetical habit of mind, 
and to familiarize it with complex 
causation. Mr. Spencer shows that, 
while the concrete sciences cannot be 
made to give the mental discipline of 
the simpler groups, they are indis- 
pensable to exercise the mind upon 
the fundamental conceptions of con- 
tinuity, complexity, and contingency 
in causation, and which are of the 
highest importance in the judgment 
of common affairs. 

The authorities cited above, and 
which might have been greatly multi- 
plied, establish the fact, beyond cavil, 
that there is a profound deficiency in 
the discipline of the current classical 
system of study; and they all agree 
that the introduction of science is 
alone competent to afford a remedy. 
Mr. Spencer has shown not only how 
comprehensive and varied is the dis- 
cipline which the sciences are capable 
of yielding, but he has pointed out the 
radical insufficiency of limited portions 
of science for that complete mental 
training which it is the object of the 
higher education to give. In the in- 
terests of mental discipline, therefore, 
we are compelled to demand a recon- 
struction of the curriculum of “ liberal 
culture,” with not merely more of sci- 
ence in it, but with such an organized 
scheme of scientific studies as will ac- 
complish the end desired. 
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Porv.ar Lectures on Screntiric Supsects. 
By H. Hetmuotrz, Professor of Physics 
in the University of Berlin. Translated 
by E. Arkrnson, Ph. D., F. C. 8., Pro- 
fessor of Experimental Science, Hoff 
College. With an Introduction by Prof. 
Tynpatt. New York: D. Appleton & 
Co., 1873. 


Tuts is, in several respects, the most 
important scientific publication of the sea- 
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son, its interest being due not alone to its 
valuable contents, but quite as much to the 
form in which they have been put by their 


illustrious author. When the present Montn- | 


LY was started, surprise was expressed in 
various quarters at the broad scope of its 
discussions, which it was said went far be- 
yond: the legitimate meaning of our title. 
Science being considered as a kind of 
tough and forbidding knowledge belonging 
to laboratories, observatories, and apothe- 
caries’ shops, popular science was regarded 
as the same kind of knowledge loosely 
stated in common language. At the outset 
we rejected this view as narrow and false, 
holding that science, instead of pertaining 
to certain things, consists in a method of 
knowing, which applies to all things that 
can be known, and that popular science 
must be equally comprehensive. Science 
itself being progressive, its great army of 
workers is constantly engaged in extending 
and correcting it by numberless processes 
of original investigation, while it is the 
office of popular science to bring its con- 
clusions, applications, and results, into the 
sphere of common thought. Learned men 
long neglected the duty they owed to the 
public to clothe the result of their labors in 
authorized and acceptable forms for gen- 
eral use, and the consequence was that this 
work was done by incompetent hands, and 
degenerated into mere amusement and rec- 
reation ; but, with the progress of liberal 
opinion, the diffusion of education, and in- 
creasing respect for the rights and welfare 
of the people, eminent men of science have 
turned their attention seriously to the task 
of embodying their ideas in popular form. 
In his introduction to the present vol- 
ume, Prof. Tyndall remarks: “ One evening 
during my residence in Berlin, my friend 
Dr. Du Bois-Reymond put a pamphlet in 
my hands, remarking that it was the ‘ pro- 
duction of the first head in Europe since 
the death of Jacobi,’ and that ‘it ought to 
be translated into English.’” That “first 
head in Europe” was on the shoulders of 
Helmholtz, and the pamphlet was his cele- 
brated essay on the “Interaction of the 
Natural Forces,” which has been exten- 
sively circulated in this country, and is 
one of the most elegant and popular expo- 
sitions of the doctrine of the ‘ Conserva- 
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| tion of Force” that has appeared in any 
language. The first complete work of Prof. 
| Helmholtz in English is the volume now 
issued, consisting of popular lectures on 
scientific subjects. Speaking of these lect- 
ures in his preface, the author says: “If I 
may claim that they have any leading 
thought, it would be that I have endeavored 
to illustrate the essence and the import of 
natural laws and their relation to the men- 
tal activity of man. This seems to me the 
chief interest and the chief need in lectures 
before a public whose education has been 
mainly literary.” It is gratifying to note that 
this statement of the chief aim of popular 
science entirely coincides with the view 
presented in the prospectus of Tus Porv- 
LAR Science Montuty. It is not the il- 
literate that are to be addressed, but the 
classes that have received such cultivation 
as the prevailing educational system affords, 
while the development and illustration of 
natural laws in their bearing upon the higher 
nature and elements of man is the ultimate 
and most important end to be attained. 
Hermann Lupwie Ferpinanp Hetmnortz 
was born at Potsdam in 1821. He studied 
medicine, and was at first military physician 
and afterward assistant at the Astronomical 
Museum at Berlin in 1848. From 1849 to 
1852 he was Professor of Physiology in the 
University of Kénigsberg. He became 
Professor of Physiology at the University 
of Bonn in 1855, and in 1858 accepted the 
physiological chair in the University of 
Heidelberg. He is now reéstablished in 
Berlin as professor in the university of 
that city. Prof. Helmholtz has attained a 
recognized preéminence in three great de- 
partments of knowledge—physiology, phys- 
ics, and mathematics. He began with the 
study of physiology, but, finding that to be 
dependent upon physics, he proceeded to 
master the physical field. But here, find- 
ing again that physics depends upon mathe- 
matics, he pushed on to the conquest of 
this department of science. His great 
works are on “ Physiological Optics ” and 
“The Physiology of Audition,” and, by his 
thorough acquaintance with physics and 
mathematics, he has greatly enriched and 
extended our knowledge of the science of 
these higher senses. Prof. Helmholtz’s in- 
tellect is characterized by great breadth and 














synthetic grasp, which leads him to take 
large views, and treat the subjects he en- 
ters upen with comprehensiveness. The 
opening and closing papers of the present 
volume—the first, “On the Relation of 
Natural Science to Science in General,” and 
the last, “On the Aim and Progress of 
Physica) Science ”’—are admirable examples 
of this broad judicial treatment of the sub- 
jects discussed. His statement of the re- 
actions of science and philosophy in Ger- 
many, and the influence of the German 
universities upon contemporary thought, in 
the first paper, is especially admirable. The 
volume also contains very able articles upon 
his special subjects of investigation—one 
“On the Physiological Causes of Harmony 
in Music,” and another elaborate paper, in 
three parts, “On the Recent Progress of 
the Theory of Vision.” There is also a 
very interesting lecture “ On Goethe’s Sci- 
entific Researches,” and an elaborate dis- 
cussion of glacial phenomena. Two papers 
are also given “On the Interaction and 
Conservation of Forces,” a subject which 
Prof. Helmholtz has pursued independently, 
and which in these expositions is presented 
in its fundamental principles. Numerous 
illustrations enhance the instructiveness of 
the volume, which, though compactly writ- 
ten, is still remarkably clear in its explana- 
tions. Prof. Helmholtz is an emineut mas- 
ter of the art of statement, but, as his 
thoughts appear in a foreign language, the 
force and finish of the original composition 
are not to be looked for. Yet the several 
translations of this volume by Professors 
Eve, Ellis, Atkinson, Tyndall, and Drs, Flight 
and Pye-Smith, have been made with great 
care, so that the work is as attractive and 
readable in style as it is solid and instruct- 
ive in its thought. We commend this book 
to all who are interested in the higher sci- 
entific problems of the age, as treated by 
one of its master-minds. 


Tae Mrixerat Springs or tHe Unirep 
States anp Canapa, with Analyses and 
Notes of the Prominent Spas of Eu- 
rope, and a List of Sea-side Resorts. 
By Georce E. Watton, M.D. New 
York: D. Appleton & Co. 


Tue author of this work seems at first 
to have been sorely perplexed as to whether 
there are or are not any medicinal virtues 
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in mineral waters. The public is inclined 
to be credulous in regard to their remedial 
uses, and the medical profession is inclined 
to be skeptical about them. In point of 
fact, great numbers of people with divers 
ailments seek the mineral fountains of va- 
rious localities, and use them very much at 
hap-hazard. At the same time he says 
that, while the American profession is in- 
clined to be incredulous as to the medical 
services of these springs, eminent Euro- 
pean physicians, such as Trousseau and 
Niemeyer, assign an important place to 
mineral waters in the treatment of many 
chronic diseases. In this unsatisfactory 
state of opinion, Dr. Walton entered sys- 
tematically upon the inquiry as to the 
remedial uses of the mineral waters of the 
United States and Canada, and in the vol- 
ume now printed he has endeavored to ar- 
range all the known facts concerning them 
in such a manner that they shall be readily 
accessible, and serve to guide the reader in 
selecting such as shall be best adapted to 
his own wants: “For this purpose he has 
consulted the best European authors, their 
conclusions being drawn from hundreds of 
years of laborious investigation of the spas 
of Germany, France, Switzerland, and Italy. 
It has been interesting, in the course of this 
study, to note how closely the conclusions 
drawn by them, concerning the action of 
different classes of waters, agree with the 
observations made at springs in this coun- 
try independent of any knowledge of for- 
eign research. The portion relating to the 
springs of the United States is the result 
of a selection of credible evidence regard- 
ing them gained by correspondence and 
personal observation.” 

After some preliminary chapters on the 
nature, classification, and chemical con- 
stituents of mineral waters and their rela- 
tions to various organs and diseases, Dr. 
Walton considers the springs of the coun- 
try under the heads of “Saline Waters,” 
“Sulphur Waters,” “ Chalybeate Waters,” 
“ Purgative Waters,” “ Calcic Waters,” and 
“Thermal Waters,” and the resources of 
the whole country are then given in respect 
to mineral waters having these various 
properties. Of all the localities in the 
United States or Canada, Saratoga is the 
most eminent for the extent and variety of 
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its fountains. Dr. Walton gives the analy- 
sis of 15 of its springs, tabulating no less 
than 23 of their constituents held in solu- 
tion; and of their general character he re- 
marks : 

“The principal constituents of these 
waters are chloride of sodium, the alkaline 
carbonates, and carbonic-acid gas, hence 
they may be termed a/kaline-saline waters, 
of which the famed Seltzer Spring of Nas- 
sau is a typical example. In point of mer- 
it, the Saratoga waters equal, if they do 
not surpass, any of the kind in the world. 
The large amount of carbonic acid which 
they contain, and the favorable combina- 
tion of ingredients, render them very easy 
of digestion, and, to most persons, exceed- 
ingly pleasant to the taste. Many wonder 
why it is that during the hot months of the 
year such numbers crowd to Saratoga, 
thinking it only a whim of fashion ; but, 
aside from social attractions or amusements, 
there is a positive value in the water, and 
pleasure in drinking it, which will always 
attract multitudes to its fountains. These 
waters are especially adapted to cases of 
dyspepsia ; those depending on high living 
and an engorged condition of the abdom- 
inal viscera are peculiarly subject to their 
beneficial influence. In jaundice, depend- 
ing on catarrh of the biliary ducts, they 
are curative, and they would undoubtedly 
prove beneficial in cases of gall-stones with 
a tendency to their continual formation and 
passage. In engorgement of the liver, and 
all conditions of abdominal plethora, they 
are a valuable remedy.” 

Of these waters which “ equal, if they 
do not surpass, any thing of the kind in the 
world,” some have been long tried, and 
others are new discoveries. The celebrated 
Congress Spring has had a world-wide repu- 
tation from early in the century as one of 
the most valuable of mineral waters. The 
Hathorn Spring has only been known since 
1868, but it furnishes an excellent water, 
which is coming rapidly into favor. Dr. 
Walton says: “In taste and general char- 
acter, it resembles the Congress water, but 
is stronger.” These waters “ bottle well,” 
that is, undergo no change by precipitation, 
and are thus available for transportation to 
multitudes who cannot visit the springs. 

The Geyser Spring, which also yields a 
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strong and excellent water, has lately at- 
tracted much attention. Our author says 
of it: 

“This spring is one of the curiosities 
of Saratoga. It was discovered in Feb. 
ruary, 1870. During a dull season, the 
owners of a bolt-factory, in which it is lo- 
cated, concluded to bore for mineral water, 
They chose the cellar of the factory in 
which to operate. Having sunk a tube to 
the depth of 154 feet, the water burst forth 
in such a volume as to entirely inundate 
the premises. On attaching a tube of 
smaller calibre, the water was projected to 
the height of 22 feet, and continues spout- 
ing forth in an intermittent stream. It is 
highly charged with carbonic-acid gas, so 
much so that, when drawn from a faucet 
into a glass, it foams up like soda-water, 
It is also exceedingly rich in saline con- 
stituents.” 


Srencer’s Descriptive SocroLrocy.— 
Messrs. Williams & Norgate have just is- 
sued the prospectus of a unique and most 
elaborate work by Mr. Herbert Spencer, 
consisting to a large extent of the tabulated 
material which he has accumulated for his 
“Principles of Sociology.” In preparation 
for the latter work, requiring as bases of 
induction large accumulations of data, fitly 
arranged for comparison, Mr. Herbert Spen- 
cer, some five years ago, commenced the 
collection and organization of facts pre- 
sented by societies of different types, past 
and present. Though this classified com- 
pilation of materials was entered upon slow- 
ly to facilitate his own work, yet, after hav- 
ing brought the mode of classification to 
a satisfactory form, and after having had 
some of the tables filled up, the results ap- 
peared likely to be of such value that Mr. 
Spencer decided to have the undertaking 
executed with a view to publication: the 
facts collected and arranged for easy refer- 
ence and convenient study of their rela- 
tions, being so presented, apart from hy- 
potheses, as to aid all students of Social Sci- 
ence in testing such conclusions as they 
have drawn and in drawing others, The 
work consists of three large divisions. 
Each comprises a set of tables exhibiting 
the facts as abstracted and classified, and a 
mass of quotations and abridged extracts, 
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otherwise classified, on which the state- 
ments contained in the tables are based. 
The condensed statements, arranged after a 
uniform manner, give at one view, in each 
table or succession of tables, the phenom- 
ena of all orders which each society pre- 
sents—constitute an account of its mor- 
phology, its physiology, and (if a society 
having a known history) its development. 
On the other hand, the collected extracts, 
serving as authorities for the statements in 
the tables, are (or, rather, will be, when the 
work is complete) classified primarily ac- 
cording to the kinds of phenomena to which 
they refer, and secondarily according to the 
societies exhibiting these phenomena; so 
that each kind of phenomenon, as it is dis- 
played in all societies, may be separately 
studied with convenience. The three divis- 
ions, each thus constituted, comprehend 
three groups of societies: 1. Uneivilized 
Societies ; 2. Civilized Societies—Extinet or 
Decayed ; 3. Civilized Societies—Recent or 
still Flourishing. Several sample tables have 
been sent us, and as a specimen of the clas- 
sifactory headings under which the immense 
array of facts are grouped, we shall give 
those belonging to Table IX. of Division I. 
(“Unceivilized Races”), the Sandwich-Island- 
ers, one of the Malayo-Polynesian Races. 
First are given their Inorganic Environment 
(Climate, Surface); Organic Environment 
(Vegetal, Animal); Sociological Environ- 
ment (adjacent tribes), Physical, Emotional, 
and Intellectual Characters. Then follow 
the tables, divided into Structural and Fune- 
tional, each of which is subdivided into 
Operative and Regulative. The Structural 
Operative is again subdivided into Opera- 
tive and Regulative; the Structural Regu- 
lative is subdivided into Political (Civil 
[Domestic (Marital, Filial), Public], Mili- 
tary), Ecclesiastical, and Ceremonial (Juti- 
lations, Funeral Rites, Laws of Intercourse, 
Habits, and Customs). Under Functional, 
the Regulative is subdivided into Sentiments 
(Esthetic, Moral), Ideas (Superstitions, 
Knowledge), and Language; the Operative 
into Processes (Distribution, Exchange, Pro- 
duction, Arts, Rearing, etc.), and Products 
(Land - Works, Habitations, ete., Food, 
Clothing, Implements, Weapons, sthetic 
Products). Under each final subdivision am- 
ple details are given. The value of such a 
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work to all students of sociology, and of man- 
kind generally, will be inestimable.—Nature, 


InrropuctioN To CHEmicaL Paysics, pe- 
SIGNED FOR THE Use oF ACADEMIES, 
Higu-Scuoois, anp Cotteces. By T. R. 
Pyncuon, M. A., Professor of Chemistry 
and the Natural Sciences in Trinity Col- 
lege, Hartford. New York: D. Van 
Nostrand. 

Tue principle of subdivision of labor, 
upon which our civilization rests, is nowhere 
more marked than in education. As knowl- 
edge extends, and greater thoroughness of 
study is demanded, science inevitably be- 
comes specialized. A few years ago, two 
or three introductory chapters on the phys- 
ices of the subject were prefixed to the 
treatises on chemistry: now an independent 
volume is required for the purpose. Mil- 
ler’s “ Chemical Physics” is part of his ency- 
clopedie work upon chemical science; but 
Prof. Pynchon’s book is a complete treatise 
upon the subject, independently presented. 
The author considers the intimate bearings 
of heat, light, and electricity, upon the pro- 
duction of chemical phenomena, and his 
exposition is so full that it not only meets 
the wants of the higher educational institu- 
tions, but will prove equally useful as a 
guide for manufacturers and practical men. 
We are glad to see that this work is well 
appreciated abroad. The London Mining 
Journal, in a very commendatory review, 
epitomizes its contents as follows: “The 
history of chemistry is briefly sketched, 
and reference is made to the fundamental 
principles of the science, to the apparatus 
used, to the constitution of some of the 
most important chemical compounds, to the 
chemical agents—heat, light, and electrici- 
ty—and why they are called imponderables, 
and to other similar elementary matters, a 
knowledge of which is required for the 
‘more profitable study of the succeeding 
chapters. The chapter on the first chem- 
ical agent—heat—is as complete a treatise 
on the subject as is found in the best col- 
lege text-books devoted to the subject, and, 
although concise, the style is by no means 
uninteresting; the diffusion of heat-expan- 
sion, liquefaction, ebullition, evaporation, 
specific heat, sources of heat, nature of 
heat, are each treated of, the explanations 
being rendered particularly clear by the ad- 
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mirable illustrations by which they are 
accompanied. Light and electricity are | 


dealt with in an equally complete and satis- 
factory manner, ample details being given | 
with regard to the nature of light, its | 
sources, reflection, refraction, the solar 
spectrum, spectrum analysis, the effect of 
light, and the relations of light and heat; 
while in the chapter upon electricity there 
are very full sections upon statistical and 
galvanic electricity, electro-magnetism, mag- 
neto-, thermo-, and animal electricity, and 
the relations which the several chemical 
agents bear to each other.” 


Firth Annvat Report on THE Noxiovs, 
BENEFICIAL AND OTHER INSECTS OF THE 
Strate or Missourr. By Cnarwes V. 
Ritey, State Entomologist. 1873. 

Tat abundance of correct informa- 
tion about the habits of noxious insects 
should be diffused among farmers is a thing 
of capital importance. Many insect-pests, 
which in former times ravaged the fields 
and orchards with impunity, are now easily 
held in check, or exterminated, owing to 
the enlarged knowledge derived from the 
researches of scientific entomologists. For 
instance, after it is once known that the 
parent Hessian fly makes its first appear- 
ance in the latitude of Missouri, about the 
beginning of September, and usually disap- 
pears before the end of that month, the 
prudent farmer will preserve his grain from 
the attacks of that destroyer by deferring 
his planting till October. In like manner, 
the army worm may be defeated by burn- 
ing up her eggs with the grass-stalks in 
which they are deposited. Or we may en- 
list in our service the natural enemies of 
the various insect- pests, such as birds, 
toads, snakes. But their greatest foes are 
“ those of their own household,” predaceous 
or cannibal and parasitic insects. The» 
study of the habits of these insect allies and 
insect enemies of the husbandman is the oc- 
cupation of the practical entomologist. The 
importance of entomological research i 
now more generally recognized than it was 
a few years ago, when Dr. Asa Fitch, of 
New York, was the only State entomolo- 
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gist in the Union. New York, it is true, 
no longer employs an entomologist, having 
very unwisely abolished the office two years | 
ago. Other States, however, have insti- | 
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tuted the office, and their example is likely 
to be imitated throughout the Union. The 
States at present employing entomologists 
are Massachusetts, Connecticut, Illinois, and 
Missouri, and Mr. Townsend Glover is at- 
tached to the National Department of Agri- 
culture, in the same capacity. 

Mr. Riley’s very able report is in itself 
perfectly satisfactory evidence of the value 
of such studies, 

We are pleased to see incorporated with 
the report a succinct treatise on entomol- 
ogy, intended to give the intelligent farmer 
an easy introduction to the science. 


EIGHTEENTH ANNUAL Report OF THE Boarp 
or Directors or THE St. Lovis Pustic 
Scuoots, for the Year ending August 1, 
1872. With Appendix ; pp. 319. 

Tas report contains a good deal of im- 
portant matter that has a more than local 
value. Besides many instructive details re- 
lating to the management of the St. Louis 
schools, their accomplished superintendent, 
Mr. W. T. Harris, gives us his views on 
grading and classification in a system of 
schools, on the course of study for the pub- 
lic school best suited to modern require- 
ments, and on the important subject of 
On the practice of whip- 
ping in schools, he quotes from Superintend- 
ent Monteith, as follows: “ The indiscrimi- 
nate use of the whip in school is a practice 
which is to be condemned as barbarous, 
cruel, and wicked. It is a wonder that so- 
ciety is so indulgent toward that which, if 
applied to animals instead of children, would 
not be tolerated for a moment. I regret to 
say it, but it is true, that a ‘society for the 
prevention of cruelty to children’ could find 
work for humane hands in many Missouri 
schools. The case is aggravated when we 
consider, further, that about two-thirds of 
the whippings which school-children receive 
are inflicted for offences for which they are 
in no way responsible. The crimes they 
commit, upon which pedagogical vengeance 
is wreaked, when stripped of the color given 
to them by unmeaning and senseless rules, 
are simply the crimes of being a boy and 
being a girl. They are too often crimes 
which are incited by bad air, cold feet and 
shoulders, overwork, and long confinement. 
They are crimes which the parents of these 
same children are accustomed to excuse in 
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themselves, when they sit in church, by the 
dulness or length of the sermon, or other 
circumstances that offend against Nature, 
and which they sometimes soothe with fennel 
or hartshorn, or by changing of position, 
and not seldom with sleep. When children 
know they are not really deserving of pun- 
ishment, the effect of whipping is to deaden 
the moral sensibilities, diminish self-respect, 
and render young natures rude, reckless, 
and desperate.” 

The report proper closes with a summa- 
rized statement of the more important feat- 
ures of the St. Louis school system, which, 
both for the intelligent care with which it 
is directed, and the excellent results at- 
tained, is worthy of the consideration of 
educators generally. 


Report on a ToroGRaPHicaL SurvVEY OF THE 

Apirnonpack WILDERNESS oF New York. 

By Verrtanck Cotvin. Albany, 1873. 

The Argus Company, Printers. 

Turis is an important contribution to the 
geography of the State of New York. All 
the maps of the Adirondack region hitherto 
published abound in inaccuracies, which are 
here, for the first time, authoritatively cor- 
rected. Even so prominent a landmark as 
Mount Marcy, the highest mountain of the 
State, is, in the usual maps, located miles 
distant from its true place. When a map 
of the Wilderness is constructed on the 
data of Mr. Colvin’s survey, it will indicate 
a multitude of great streams, lakes, and 
mountain elevations, quite ignored by the 
map-makers. With regard to the future of 
the Wilderness, Mr. Colvin thinks that the 
whole water-shed of the Hudson, within the 
limits of the Adirondack region, should be 
preserved in its present condition, as a for- 
est farm, and as a source of water-supply 
for the cities and great towns on the Hud- 
son, from Troy to New York and Brooklyn. 
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Fossil Monkeys.—With the title “On 
the Primitive Types of the Orders of Mam- 
malia Educabilia,” Prof. E. D. Cope recent- 
ly read a very remarkable paper before the 
American Philosophical Society. The pro- 
fessor referred to a previous description, by 
himself, of certain fossil remains under the 
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name Anaplomorphus emulus, in which he 
pointed out similarities of the teeth and 
other parts to like parts in monkeys and 
man. He also quoted Prof. 0. C. Marsh as 
saying that three fossil genera, previously 
described by himself, were all referable to 
the Quadrumana, or monkeys, saying that 
“they have the principal parts of the skel- 
eton much as in some of the lemurs,” the 
lowest of the monkey race. Some fossil 
remains, previously described by Prof. Cope, 
were referred to a genus Zomitherium, but 
with no suggestion as to the order to which 
they might belong. A reéxamination of 
this genus has caused it to be referred to 
the Quadrumana. A remarkable feature in 
the osteology of this genus is, the relation- 
ship shown also to the Coati (Vasua), “ The 
first impression derived from the appear- 
ance of the lower jaw and dentition, and 
from the humerus, is that of an ally of the 
Coati (Nasuwa). The humerus, indeed, is 
almost a fac-simile of that of Nasua... A 
comparison with asua reveals no distant 
affinity.” The fossil remains of these an- 
cient monkeys were obtained in Eocene 
strata in the Bridger beds on Black's Fork, 
Wyoming, and already some seven species 
are described. 

As an example of remarkable scientific 
prescience, as regards this monkey-cousin- 
ship of the Nasua, or Coati-Mondi, we give 
the following foot-note on page six of this 
interesting paper: “ Dr. Lockwood, of Rut- 
gers College, in a recent number of Tae 
Porvutar Science Monruty, expressed seri- 
ous suspicions of the quadrumanous rela- 
tionships of the Coati, little thinking at the 
time that the specimens to confirm his 
view were, at that moment, in the hands 
of palwontologists.” It is also worthy of 
mention that Prof. Lockwood’s singular in- 
duction was worked out of psychological 
considerations, he stating that the material 
basis was not at hand, although he insisted 
that such must exist. Results like the above 
cannot but give confidence in the processes 
of the science of comparative anatomy. 


Light-Waves and Sound-Wavyes.—A cu- 
rious instance of the analogies of light and 
sound is given in the Medical Times, from 
a German medical journal. Two brothers, 
named Nussbaumer, are said to receive vis- 
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ual impressions from sounds. When a cer- 
tain note is struck upon the piano, the 
brothers at once have a sensation of a cer- 
tain corresponding color, which is not, how- 
ever, identical for both. Thus the note 
which produces in the one the impression 
of dark Prussian blue, produces in the other 
that of dark yellow. They do not, however, 
perceive all colors on occasion of hearing 
sounds. One of the brothers has sensations 
of yellow, brown, and violet, most frequent- 
ly; while blue, yellow, and brown, are most 
frequent with the other. One of them never 
has the sensations of red, green, black, or 
white, awakened by musical notes, though 
on one occasion he says that, suddenly hear- 
ing a noise from the filing of a saw, he had 
the sensation of green. No doubt it is very 
difficult to be secure against deception in 
such a matter as this ; but we may add that 
Prof. Briih!, of Vienna, after thorough in- 
vestigation, is satisfied that there is no 
fraud, 


Meteorological Observations in the Upper 
Atmosphere.—We take, from the Proceed- 
ings of the French Academy of Sciences,the 
following interesting account of meteorologi- 
cal observations made by M. G. Tissandier 
during a balloon-ascension in the month of 
February last: Six gentlemen accompanied 
M. Tissandier on his aérial voyage. The 
balloon, whose capacity was 2,000 cubic 
metres, was filled with illuminating gas. 
The ascent was made from the city of Paris, 
and the voyagers soon found themselves at 
an altitude of 1,200 metres, and enveloped 
in a dense layer of cloud. Having risen 
above this stratum of cloud, they entered a 
region where the sun’s rays were intensely 
bright, and the heavens of a deep blue. 
For about three hours they sailed at an ele- 
vation of about 400 metres above the 
clouds. The shadow of the balloon, as it 
fell on this ocean of vapor, was very re- 
markable, At an elevation of 1,350 metres 
the shadow of the balloon itself had no 
halo, though one was visible around the 
shadow of the boat. At 1,700 metres the 
balloon’s shadow was surrounded with 
rings of rainbow hues, Again, and at the 
same elevation, there appeared three dis- 
tinct concentric halos. In all cases the 
violet was on the inner and the red on the 
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outer side of the halos, but the blue and 
the orange colors were most clearly visible. 

The temperature was very high, being 
17.5° Cent., and the sun’s rays so hot as to 
burn the face. The greatest altitude at- 
tained was 2,000 metres. As the balloonists 
descended through the cloud, a copper wire 
suspended from the boat gave strong indi- 
cations of electricity. On reaching 1,200 
metres, where the cloud was densest, the 
voyagers were unable to see the balloon 
above them, and were chilled by the cold, 
the thermometer showing 2° Cent. The 
copper wire gave out vivid sparks, and was 
quickly coated with ice-crystals, which glis- 
tened Jike diamonds. Similar crystals formed 
on the boat, and on the clothes and beards 
of the voyagers. 

The descent was made at Montireau, 
distant 120 kilometres from Paris. Time, 
3 hours and 45 minutes. M. Tissandier 
thinks that the dense opaline cloud through 
which he passed is made up of ice-crystals. 
The paper by Mohr, in Tue Porvtar Sct- 
ENCE Monraty for May, shows that vapors 
can resist crystallization at a far lower 
temperature than 2° Cent. 


Social Relations of Ants.—At the Con- 
gress of Swiss Naturalists, which assembled 
in August of last year at Friburg, Auguste 
Forel read an address upon the “ Social Re- 
lations of Various Species of Ants.” A 
nest is sometimes occupied by a community 
belonging to one species, sometimes by a 
community made up of two or more species, 
but all have the three classes of males, fe- 
males, and workers. In a mixed commu- 
nity there will sometimes be found slaves— 
that is, workers of a different species made 
captive while still in the cocoon. When 
these emerge from their silken envelope, 
they become the friends and willing thralls 
of their captors, as though such were their 
natural destiny. A mixed community em- 
braces all three sexes of the captor species, 
but only workers, or neuters, of the cap- 
tive. The Polyergus rufescens and the For- 
mica sanguinea both make slaves of the 
Formica fusca, The Polyergus is extremely 
indolent, but the F. sanguinea assists his 
slaves in their work. 

There are certain species of ants which 
live by the labor of others without enslav- 














ing them. To this class belongs the Aner- 
gates atratulus, a species which have no 
workers, but which, both males and females 
alike, live in company with the workers of 
the Tetramorium cespitum, and are tended 
by these latter, though the terms on which 
the association is formed are not known. 
The Strongylognathus testaceus also lives by 
the charity of the Tetramorium. But the 
author has discovered a species of Strongy- 
lognathus having true slaves. 

Then there are mixed communities, 
where two species which usually live sepa- 
rately, lead a life in common; but this is a 
thing of very rare occurrence, and but 
little investigated. M. Forel has found 
ants’ nests inhabited by the Formica trun- 
cicola and the F. fusca, by the Tapinoma 
erraticum, and the Bothryomyrmez, etc. On 
the other hand, he has also met with com- 
munities of the /. sanguinea, without slaves. 


Inherited Traces of Surgical Opera- 
tious.—In his fifth lecture on “ Eggs,” pub- 
lished by the Zribune of April 26th, Prof. 
Agassiz has the following on the transmis- 
sion of individual peculiarities produced by 
surgical operations: “ But, while the office 
of inheritance is to preserve typical feat- 
ures, its power to transmit individual pecu- 
liarities is also wonderful. My friend Dr. 
Brown-Séquard, who has made more ex- 
periments among animals than any man 
living, continuing them upon successive 
generations, and ascertaining what dis- 
eases may be transmitted, has stated facts 
to me which almost defy belief. These 
facts are unpublished. I will give a few of 
them. He has found that the disease of 
epilepsy can be induced in guinea-pigs by 
certain operations, and that this disease, 
being so introduced into the system, may 
be transmitted from generation to genera- 
tion, and thus become hereditary. Where 
such operations have produced malforma- 
tions of the skin, as is often the case, these 
also have been transmitted ; or, where the 
paws have been affected by such operations, 
the peculiarity has been also transmitted. 
Malformation produced by these experi- 
ments as a disease during the life of a 
parent has been passed down to the off- 
spring, and even habits arising from dis- 
ease have been inherited in the same way. 


MISCELLANY. 





521 


In one such case the peculiarity existed in 
the female; in another it was produced in 
the male. In the latter instance the male 
transmitted its own diseased condition to 
another generation through a healthy fe- 
male. More than this, the female through 
whom these diseased descendants had been 
produced eventually became herself diseased 
in the same manner as the male. These 
facts have a fearful significance. With 
reference to the process, the subtle influ- 
ence by which such results are produced, 
we must be silent for the present, since we 
cannot explain or understand it. All that 
we know is, that a material combination 
takes place which enables us to say that 
these individual peculiarities are sifted 
through the egg of the female and the 
spermatic particles of the male, and may 
reappear in their progeny.” 


Clay-eaters.—The Agmara Indians, in- 
habiting the shores of lake Titicaca, and the 
lofty plateau of the Andes, find the struggle 
for existence hard, at an altitude of more 
than 11,000 feet above thesea-level. Their 
principal articles of food are quinoa, a coarse 
grain resembling rice, and potatoes, of 
which tuber their country is the original 
home. The difficulty of boiling food at so 
great an altitude necessitates the previous 
maceration of all articles intended to be so 
cooked. The potato is, therefore, prepared 
for storing and use by exposing it to the 
frost; then it is placed in water, and 
stamped into a paste; all the soluble mat- 
ter is washed out, and the starchy and fari- 
naceous substance alone remains. This is 
called chuno, and it is made into a nu- 
tritious though insipid soup. The Agma- 
ras use clay as an article of food, mixing it 
with quinoa, The clay they use is of a 
whitish color, and rather gritty. Careful 
analysis shows that it contains no organic 
matter, and therefore it must be used mere- 
ly for the purpose of producing a satisfac- 
tory though delusive distention of the stom- 
ach, 


The Faculty of Direction.—It will be 
remembered that, in the course of the dis- 
cussion as to hereditary antipathy, a side 
question was introduced by Mr. Wallace, 
namely, the faculty possessed by certain 
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animals whereby they are infallibly guided 
on their return homeward from distant 
places. Mr. Wallace thinks that this fac- 
ulty is, in dogs at least, simply a very acute 
sense of smell. According to him, the dog 
“takes notes by the way” of the various 
odors he passes through, and finds his way 
back by taking the links of this chain in 
reversed order. But this explanation is 
open to very serious difficulties, and Mr. 
Darwin’s simpler theory will appear far pref- 
erable. 

Indeed, Mr. Wallace’s theory seems 
hardly broad enough to account for more 
than a very inconsiderable fraction of the 
phenomena which it is proposed to explain. 
For dogs, cats, horses, and the like, it may 
be good enough, until a better theory is 
found. But what possible application could 
it have to such a case as the following, 
which is given by Mr, Edward W. Cox, on 
the high authority of Mr. Robert Fox, of 
Falmouth? “The fishermen of Falmouth,” 
writes Mr. Cox, “catch their crabs off the 
Lizard Rocks, and they are brought into the 
harbor at Falmouth alive, and impounded 
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derful manner in which the natives kept a 
true course toward a particular spot, while 
passing for a considerable distance through 
hummocky ice, with incessant changes of 
direction, and with no guide in the heavens, 
or on the frozen sea.” Even with the aid 
of a compass, an experienced surveyor in 
Von Wrangell’s party failed to do what 
these savages easily effected. Mr. Darwin 
says the Siberians keep a sort of “ dead 
reckoning ”’ of their course, correcting their 
deviations partly by eyesight, partly also, 
perhaps, by a sense of muscular movement, 
as some men can, even with bandaged eyes, 
proceed for a short distance in a straight 
line, turn at right angles, or even back 
again. Some persons are “turned around,” 
as we say, far more easily than others. 
Such persons would very easily lose their 
way, were they to attempt traversing an ex- 
tensive forest, for instance. Mr. Darwin is 
inclined to think that some part of the brain 
is “ specialized for the function of direction.” 
If that is the case, it is very natural to sup- 
pose that this specialization may be more 
marked in beasts and savages than in civ- 
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own fish. The place where the box is sunk | tion than the latter. Mr. Darwin closes his 


is four miles from the entrance to the har- 
bor, and that is above seven miles from the 
place where they are caught. One of these 
boxes was broken; the branded crabs es- 
caped, and two or three days afterward they 
were caught again by the fishermen at the 
Lizard Rocks. They had been carried to 
Falmouth in a boat. To regain their home 
they had first to find their way to the mouth 
of the harbor, and, when there, how did they 
know whether to steer to the right or to the 
left, and to travel seven miles to their native 
rocks ?” 

It is unphilosophical to set up many dif- 
ferent hypotheses, where one would answer. 
For this reason we are inclined to accept 
Mr Darwin’s explanation of the phenome- 
non in question, rather than Mr, Wal- 
lace’s. Mr. Darwin, it will be seen, aims at 
bringing all the phenomena under one gen- 
eral law, that of a Faculty of Direction, as 
it may be called. In confirmation of this 
hypothesis, the veteran naturalist quotes 
from Von Wrangell’s account of his ex- 
pedition to North Siberia, as to the “ won- 
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case from Audubon, where the faculty of 
direction was egregiously at fault. The 
great ornithologist kept a pinioned wild- 
goose in confinement, and, when the time for 
migrating came, the bird escaped. Instead 
of proceeding due southward, as it should 
have done, the poor creature began its long 
journey on foot, travelling due northward, 
exactly the wrong direction. 


Habits of the Porpoise.—The behavior 
of the porpoise in the Brighton (England) 
Aquarium has been studied with warm 
interest, by Mr. Henry Lee, F. L. S., who 
communicates to Land and Water an in- 
teresting account of his observations. Mr. 
Lee had previously enjoyed frequent oppor- 
tunities of watching the porpoise at sea, 
whether from the bow of a steamer, or over 
the gunwale of a boat, but an uninterrupted, 
broadside view of all its movements was, for 
him, “a new, delightful, heart-stirring sight, 
and one often longed for.” He observed 
that the tail, with its flat blade spread out 














MISCELLANY. 


horizontally, is the only propelling instru- 
ment possessed by the animal. Even when 
the creature is in rapid motion, the front 
fins hang straight down from the sides, and 
come into play only when it wishes to change 
its course, or to rise to the surface for the 
purpose of “ blowing.” For the latter ob- 
ject, both fins are raised toward an horizon- 
tal position, the action of the tail is stopped, 
and, with the impetus previously gained, the 
porpoise soars gently to the surface ; there, 
the valve of the blow-hole opens, the breath 
escapes with a sound between a deep sigh 
and a quiet puff, and, without the slightest 
pause, the animal descends again. 

The new porpoise at Brighton is four 
feet six inches in length. The tank in 
which it is kept is 102 feet long, so that 
the beast has a very fair opportunity to 
exhibit its paces. The whole of the first 
day it cantered incessantly from end to end 
of the tank, keeping usually at a depth of 
about three feet, and rising to blow every 
15 or 20 seconds. It was very timid, shying 
at every movement among the spectators. 
At night, it showed a partiality for gas-light, 
restricting its movements to the end of the 
tank that was illuminated. The second day 
the creature was so tame that it would take 
food from the hand, dart off with it, and 
come back for more. When it catches a 
fish, it seizes it by the middle of the body, 
holds it there for a second, as if pressing 
its teeth into it, to make it flexible, and 
then swallows it at a gulp, without any ef- 
fort to bolt it head-foremost. “ The pretty 
creature,” continues Mr. Lee, “has a nice, 
good-natured face, in which I fancy I can 
often read an expression of pleasure and 
animation, and is as full of fun and frolic as 
a Newfoundland pup, galloping along some- 
thing like a dog after a stick, and tossing 
up its tail with a romping kick, as a skit- 
tish colt throws up its heels in play. If 
it lives, as I hope it will, it will probably 
become as tame and docile as a seal; for 
the porpoise is a very intelligent animal. 
It has a large brain, and acute sensibility.” 


Persistence of Cholera in Central Eu- 
rope.—It would appear as if Asiatic chol- 
era had become naturalized in Central Eu- 
rope. For a few years past the disease has 
prevailed to a greater or less extent in the 
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Austrian dominions, and the following notes, 
taken from the London Times, will show its 
movements since the beginning of the pres- 
ent year. At that time the disease existed 
in numerous localities of Galicia and Sile- 
sia, and in a few places in Moravia and 
Hungary. It was increasing in the city of 
Lemberg, and, though declining in Buda- 
Pesth, had not disappeared. During the 
month of January it invaded several new 
localities in Hungary, Silesia, Moravia, and 
Bohemia. During February the disease 
still continued in the districts just referred 
to, and lingered in Buda. The garrison of 
the latter city suffered from a serious out- 
break during the last week of January and 
the first week of February. 

The cessation of cholera on the Upper 
Nile is reported. Its ravages during the 
last half of 1872 extended over the entire 
region bounded east and west by the Red 
Sea and the Desert, and between Kassala, 
in the north, and Korosko, in the south. 
The questions of the internal sanitary con- 
dition of Persia, and the recent prevalence 
of plague and frequently-recurring epidemic 
of cholera in that country, are about to be 
submitted to a sanitary commission ap- 
pointed by the European powers, Persia, 
and Turkey. It is admitted that, so long 
as the sanitary condition of Persia remains 
what it is, Europe will continue to be vis- 
ited by this scourge. The recent outbreak 
of plague in the Shah’s dominions seriously 
endangered the Ottoman provinces of Asia, 
and it is at the instance of the Porte that 
the European powers now demand that the 
internal sanitary state of Persia be im- 
proved. This is a matter that very nearly 
concerns us, even on this side of the At- 
lantic, and it is to be hoped that the com- 
mission will perform its work thoroughly. 
Religious scruples and antiquated customs 
will make resistance, as a matter of course ; 
but the civilized world cannot afford to see 
its population decimated, simply because 
unwashed devotees will insist on making 
their unwholesome pilgrimages. In a coun- 
try where only a few years ago the govern- 
ment put a stop to corpse-caravans, the 
commission is sure to have enough to do, 
It was only in 1867 that a stop was put to 
the popular custom of transporting, on the 
backs of camels and mules, one or two hun- 
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dred putrefying corpses at a time to certain 
holy places, often distant thirty or forty 
days’ travel. 


Sponges.— Naturalists are now generally 
agreed in classing the sponge with animals, 
but place it in the very lowest rank of the 
Protozoa, abutting on the vegetable kingdom. 
Like a plant, the sponge grows on rocks or 
other substances in water, being often found 
attached to the shells of living crustaceans. 
It consists of a gelatinous substance called 
sarcode, and of a framework made up of 
horny, elastic fibres (keratose), or of cal- 
careous or siliceous spicules. The keratose 
is the sponge of commerce, and its value 
depends upon the elasticity and compressi- 
bility of its fibres. 

The sarcode is sometimes represented to 
be an amorphous mass of glairy substance, 
but accurate observation with the micro- 
scope shows, according to Huxley, that it is 
constituted as follows: There is, first, an 
external layer, continuous, and made up of 
an aggregation of organisms with nuclei, 
and much resembling ameebe. This stratum 
is separated from another of identical 
structure by a chamber filled with water. 
The outermost layer has a multitude of 
pores, through which the supply of food 


and oxygen enters. The floor of the lower | 


and thicker layer has a number of orifices 
opening into tubes which widen out into 
globular caverns a little below the surface. 
The sides of these globules are studded 
with ameeba-like organisms, each having a 
cilium, or appendage resembling an eye- 
lash, which is constantly vibrating, and so 
establishing a current in a direction down- 
ward into canals which open into great, fun- 
nel-like, or crater-like orifices. These great 
orifices are the ezhalant apertures, the pores 
inhalant apertures. The food and oxygen 
in the stream of water is appropriated by 
the sponge-organisms individually as it 
flows by. 

When placed under the microscope, the 
living sponge is a wonderful sight. Dr. R. 
E. Grant, who was the first to witness it, 
having put a small branch of living sponge, 
with some sea-water, into a watch-glass, 
saw a “living fountain vomiting forth from 
a circular cavity an impetuous torrent of 
liquid matter, and hurling along, in rapid 
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succession, opaque masses, which it strewed 
everywhere around.” Here is a circulation 
of water answering the same purpose as 
that of blood in otheranimals. The sponge 
takes in food and oxygen through its mi- 
nute pores, and voids the waste matter 
through the oscula, or larger orifices. In 
the Spongia fluviatilis, or fresh - water 
sponge, the pores are not permanent, but 
they appear and disappear without leav- 
ing a trace behind, as in the case of the 
ameebee, 

The spicule of the siliceous sponges as- 
sume sundry shapes, being sometimes 
straight, like needles; again headed and 
pointed like pins, or furnished with grapnel- 
like hooks at their ends, etc. Perhaps the 
most curious of all the sponges is the 
“glass-rope’’ (Hyalonema), which has the 
appearance of a rope of twisted glass 
fibres, with a fibrous sponge attached to one 
end, Another very interesting form of 
sponge is the Euplectella speciosa, or Venus’s 
flower-basket, which grows in the shape 
of a cornucopia, and is composed of fine 
glossy threads of silica. 

The best sponges for toilet use come 
from the gean, and are found in about 
eight fathoms of water. They are gath- 
ered by divers. A coarse quality of sponge 
is found on the coasts of Florida and the 
West Indies. These are gathered with 
long-hafted forks. To remove the sarcode, 
the sponge is buried for some days in the 
sand, until the animal matter rots, and then 
the horny keratose is soaked and washed. 


Jute-Paper.—One day’s issue of the 
Dundee (Scotland) Advertiser was recently 
printed on paper made of jute. The mate- 
rial is said to be of good, firm quality, 
though thin and transparent, and of a yel- 
lowish tinge. The chief objection hitherto 
urged against jute-paper is its dark color; 
and, if, as appears probable, this can be ob- 
viated, there is no doubt that jute-paper 
will quickly supersede that made from rags, 
except for the best qualities. The jute em- 
ployed in this instance is old bagging, which 
commands but a low price. As an encour- 
agement to inventors, the proprietors of the 
Advertiser offer a premium of £50 for the best 
ream of paper made entirely from jute, of the 
size and weight of the paper on which the 











journal is usually printed, the maker under- 
taking to supply 50 tons at a price not ex- 
ceeding 44d. per }b.; and a premium of 
£100 for the best ream of paper made en- 
tirely from jute, in size and weight as 
above, the maker supplying 100 tons at 4d. 
per lb. Old jute bagging may be bought in 
any quantity, in Dundee, at £9 10s. per ton. 


Facts for Speneer.—Some striking illus- 
trations of governmental negligence are 
given in the Lancet, in an article on “ Army 
Medical Services.” The writer states that 
in the armies of the first French Empire 
there was one surgeon to each 130 men. 
The French troops sent to Algeria in 1830 
had only six surgeons to each 1,000 men. 
In the Crimean War the proportion was 
less than one (0.72) per 1,000. Through- 
out the war, the average number of pa- 
tients under the care of each surgeon was 
300. In the Italian War affairs were about 
as bad—less than one surgeon per 1,000 
men, After Magenta, each surgeon had 175 
wounded men, and after Solferino 500 under 
his charge. If he devoted 2} minutes to 
each case, every moment of 24 hours would 
be taken up. The writer refers in terms 
of commendation to the medical and sani- 
tary service of the United States during the 
late War of Secession. During the war be- 


tween Austria and Prussia, 26,000 wounded | 


of both armies were left, after the battle of 
Koniggratz, totally without medical assist- 
ance, and unsupplied with food or water. 
The French army in the late war with Prus- 
sia had only two medical officers per 1,000 
men, but 4} veterinary surgeons per 1,000 
horses ! 


A Singular Race.—A French traveller, 
M. Duveyrier, describes, in “Ocean High- 
ways,” a curious race, the Imdhagh (called 
in our maps Tauricks or Tudregs), who 
dwell in the heart of the Sahara, They are 
pure Berbers, with white skin, but their un- 
cleanly habits give them the appearance of 
blacks. The men alone wear a thick black 
veil over the face, while the women dis- 
pense with that covering. A man would 
consider himself dishonored were he to 
expose his face, and he takes precaution 
against any involuntary breach of decorum, 
by wearing his veil at all times, whether 
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sleeping, walking, fighting, riding, and even 
speaking to his father. As a general rule, 
the Iméhagh despise firearms, as fit only 
for cowards, “ but they fear thém extreme- 
ly”’ remarks M. Duveyrier. 

They treat their women with great re- 
spect. No Iméhagh woman would consent 
to her husband indulging in plurality of 
wives ; and, what is perhaps more singular 
still, the women alone know any thing of 
the art of writing. In political affairs the 
weaker sex exercise a powerful influence ; 
and, when a chief dies, the supreme author- 
ity descends to the eldest son of his eldest 
sister. 


Reproduction of Eyes in Crawfish.— 
That the crawfish has the power of repro- 
ducing an eye which it may happen to lose 
is a fact quite familiar to naturalists, but 
we are indebted to M. 8S. Chantran, of the 
French Academy of Sciences, for the dis- 
covery that this power of reproduction 
varies according to the animal’s age. In a 
recent number of the Comptes Rendus, M. 
Chantran gives the results of his observa- 
tions on this subject, from which it appears 
that a crawfish one year old quickly and 
effectually repairs such injuries, while in 
animals two or more years old reproduction 
is uncertain in its operation, and never per- 
fect. His first experiment was with a num- 
ber of one-year-old animals. In October, 
1871, after the close of their moulting sea- 
son, he clipped off their eyes. Moulting 
commenced in May of the year following, 
and in September, after four months, the 
eyes were perfectly reproduced. 

The next experiment was with animals 
two years old. These he deprived of their 
eyes, either immediately before moulting 
set in, or in the interval between two 
moults. The results in these cases were 
various, In some of the animals, after 
three or four months, the eyes were repro- 
duced, but then the pupils were so dis- 
figured as to leave it doubtful whether they 
could serve for the purpose of vision; in 
others, one pupil was considerably smaller 
than the other. 

Finally, in the case of full-grown ani- 
mals, which moult less frequently—the fe- 
males but once a year, and the males twice 
—the author's results did not show any re- 
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production of the eye, but only the growth 
of buds marked with a black point, and, in 
one case, of opaque bifid buds in place of 
eyes. The author promises at an early day 
to communicate to the Academy his obser- 
vations on certain concretions formed in the 
stomach of the crawfish, and called crab’s 
eyes in old pharmacopeeias. 


The Amarantus Blitam.—M. Boutin’s 
observations on the Amarantus blitum, brief- 
ly alluded to in a late number of the Montn- 
LY, are so important as to call for a fuller 
statement. The amarantus belongs to the 
order Amarantacee, which contains nearly 
300 known species. Some of these are fa- 
miliar annuals in flower-gardens. The Ama- 
rantus blitum is a weed growing abundantly 
in many parts of Europe, and has never 
hitherto been supposed to possess any prop- 
erties of economical value. Boutin’s atten- 
tion was first called to this plant on seeing 
it employed in scouring brass utensils. He 
supposed that it must contain some free 
acid or some acid salt. He found with 
surprise that it was completely neutral, and 
contained only nitrate of potash (saltpetre). 
To determine the proportion in which this 
salt enters into the constitution of the ama- 
rantus, he reduced to ashes 100 grammes 
(between 3 and 4 ounces) of the dried plant. 
The 16 grammes of ashes were treated with 
warm distilled water, and the whole then 
thrown into a filter. Having washed well 
the insoluble portion which remained in the 
filter, the author evaporated the filtered 
liquid, and so obtained a residue of carbo- 
nate of potash, 8 grammes. This weight 
of the carbonate is the equivalent of 11.68 
grammes of the nitrate of potash, or salt- 
petre. The insoluble portion remaining in 
the filter would, on desiccation, give a 
weight equal to that of the carbonate ob- 
tained, or 8 grammes, to make up the ori- 
ginal 16 grammes of ash, This insoluble 
portion consisted of lime, oxides of iron, 
alumina, and silica, with a small amount of 
phosphate of potash. 

The author remarks upon the impor- 
tance of this plant as a manure. It is su- 
perior to guano. And, if from any cause the 
supply of nitre for the manufacture of gun- 
powder were cut off, this plant could readily 
furnish it in any quantity. The question 
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now arises, whence does the amarantus di- 
rectly derive its nitrogen—from the soil or 
from the atmosphere? In the spring of 
1872 the author had a plot of ground 
broken up with the spade, to a depth of 
about 8 inches, and kept free from all vege- 
tal growth during the entire summer. This 
ground was in a condition to receive all the 
nitric acid and ammonia produced in the 
atmosphere by electricity. Yet, on a very 
careful analysis, no appreciable quantity of 
the nitrate could be found. On the other 
hand, the amarantus growing in the imme- 
diate vicinity yielded the usual amount—10 
to 12 per cent. of the dried plant. Hence 
the author concludes that plants derive their 
nitrogen directly from the atmosphere. 


Diseovery of Ancient Egyptian Mines, 
—Some of the iron-mines anciently worked 
by the Egyptians have recently been dis- 
covered anew by English explorers, and 
search is to be instituted for other an- 
cient mines of silver, gold, and iron. As 
the processes followed in ancient times for 
the reduction of ores were very defective, 
it is expected that, in the débris accumulated 
in the neighborhood of the mines, an 
amount of the useful and precious metals 
will be found sufficient to make the work- 
ing it over again profitable. At a recent 
meeting of the British Society of Antiqua- 
ries, mention was made of the discovery, in 
the neighborhood of Mount Sinai, of the tur- 
quoise-mines of the ancient Egyptians, The 
discoverer, an Englishman, whose name is 
not given, observed in the water-courses of 
that region, which in summer are dry, pecul- 
iar blue stones which he soon ascertained 
to be turquoises. This circumstance led to 
further research, We are now informed 
that, “aided by the friendly tribes he has 
taken into his pay, he has discovered the old 
turquoise-mines of the ancient Egyptians, 
the rocks that they worked for the stones, 
the very tools they used, and their polish- 
ing and grinding places.” The fortunate 
discoverer bas already sent to England 
some of the finest turquoises ever seen. 

While searching for the turquoise-mines, 
this same explorer discovered the ancient 
lines of fortification surrounding the works, 
and came upon the remains of vast iron- 
works, which must have employed many 














thousands of hands. Slag taken from the 
refuse-heaps around these works contains 
as much as 58 per cent. of iron. The whole 
surrounding district is well worthy of being 
thoroughly explored vy the antiquary, as 
it contains many hieroglyphic inscriptions 
which would doubtless throw much light 
upon the early history of metallurgy. 


The Sack-Tree.—A notable tree is the 
Antiaris saccidora, or sack-tree, of Western 
India, the inner bark of which forms a very 
good material for sacking, and also for cord- 
age. It often attains a height of 100 feet, 
with a diameter of six. The native method 
of making sacks of this material is very sim- 
ple. Usually a tree about one foot in diam- 
eter is chosen, and from this a section of 
the length desired for the sack is cut. 
This log is steeped for some time in water, in 
order to soften the bark, and is then beaten 
all round with clubs. In this way the outer 
bark is removed, and the inner detached 
from the wood and rendered soft and plia- 
ble. Next it is folded over on itself at one 
end, after the manner of skinning a squirrel, 
and so turned inside out. All that is now 
required to complete the sack is, that one 
of the ends be sewed up, which is readily 
done. But a sack may be made without 
stitch or seam. This is done by arresting 
the process of skinning some two or three 
inches above the farther end of the log, and 
then sawing off the latter at that point. 
The sack has then a solid wooden bottom. 

These sacks are extensively used in 
Western India and Ceylon, and serve their 
purpose very well. The same material is 
sometimes employed in the manufacture of 
clothing, and for paper-making. To pre- 
pare it for the former purpose, the bark is 
stripped off in pieces, which are then thor- 
oughly soaked and beaten out till the tex- 
ture becomes white and rough like fur. It 
is then cut according to the required shapes, 
and stitched together. 


Substitute for Quinine. — The employ- 
ment of carbazotate of ammonia (ammonia 
combined with carbazotic, picric, or trinitro- 
phenic acid) has been suggested as a sub- 
stitute for sulphate of quinine, and Dr. 
Beaumetz, of the Société Thérapeutique de 
Paris, gives the following as the result of 
his employment of this salt: Case 1, quo- 
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tidian ague. Daily dose one to two centi- 
grammes in pills. Recovery in 4 days. Case 
2, quotidian ague. Complete recovery in 5 
days—five pills used. Here sulphate of 
quinine had been used without effect. Case 
8, tertian. Recovery after 8 days—two 
pills a day. Case 4, quotidian. Recovery 
after 8 days. Case 5, facial neuralgia. 
Speedy recovery. Case 6, tertian, recov- 
ery in 2 days. Dose about one grain (6 
centigrammes). Sulphate of quinine had 
been given for 17 days, without effect. Dr. 
Beaumetz hence draws these conclusions: 
the carbazotate is very efficacious in inter- 
mittent fever, and the paroxysms may be 
suppressed by the use of 2 to 4 centigram- 
mes (4 to 3 grain) daily. In these doses the 
drug appears to be innocuous. Its physio- 
logical action resembles that of sulphate of 
quinine. 





NOTES. 


Tnere is in Cayenne a fly, called the Zw. 
cilia hominivoraz (man-eater), which com- 
mits great havoc among the convicts sent 
out to that colony by the French Govern- 
ment. M. Charles Coquerel says that this 
fly lays its eggs in the mouth or nostrils of 
a sleeping convict, especially a drunken 
one, and that the offspring in their larval 
state usually bring about the death of their 
victim. 

Tue following curious statement comes 
to us on reliable authority: A vicious horse 
(gelding) that had the singular habit of 
striking violently with his fore-feet, espe- 
cially when being shod, was for several years 
worked with a mare that during the time 
bore a colt. This colt, when quite young, 
developed the habit peculiar to its mother’s 
mate, becoming violent when any attempt 
was made to handle its fore-limbs. The 
habit increased with the colt’s age, and, on 
being shod the first time, its manner of 
striking was observed to be precisely like 
that of the horse. The mother of the colt 
was unusually kind and gentle. 


A STATEMENT Of some interest occurs in 
Scribner’s Monthly, showing the increasing 
demand, among the reading-classes of New 
York, for works of a scientific character. 
The writer compares the number of books 
called for at the Astor Library, in the literary 
and scientific departments respectively, dur- 
ing the three years 1865, 1871, and 1872. 
In the first of these years, 18,896 scientific 
works were called for by readers, and 26,070 
literary; in the second, 33,428 scientific, 
58,595 literary; in the third, 55,660 scien- 
tific, 55,657 literary. 
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In his late work on the “Physiology of 
Circulation,” Dr. Pettigrew gives the follow- 
ing as the rate of the heart-beats in man at 
different periods of life: In the human fe- 
tus the heart beats 140 times per minute; 
at birth, 130; second year after birth, 100; 
third year, 90; fourteenth year, 80; mid- 
dle age, 70; old age, 60, or even less. The 
variation in the frequency of the beat of the 
heart in the lower animals is still more re- 
markable. 


From the United States statistics, it ap- 
pears that the percentage of insanity, idi- 
ocy, etc., is greater among the white popu- 
lation of this country than among the 
black. Thus, among the whites, one in 
2,253 is deaf and dumb; among the colored 
race (blacks and mulattoes), only one in 
8,780; insane whites, one in 943; colored, 
one in 2,750; idiotic whites, one in 1,575; 
colored, one in 1,530. The statistics of 
blindness, however, are more unfavorable 
for the colored race: blind whites, one in 
2,000; colored, one in 1,469. The insane 
females, both white and black, outnumber 
the insane males, 19,202 against 18,179; 
but the male idiots are greatly in excess of 
the female—14,476 against 10,046. 


Trere is found in Bombay a minute 
variety of ants which surround their nests 
with a series of concentric circular walls 
an inch or an inch and a half high, and 
about the same distance apart, the inner- 
most wall being the highest. The object 
of these walls or fortifications is not yet 
known. 


DvrineG a botanical exploration of the 
region around the river Coanza, in Lower 
Guinea, Dr. Welwitsch’s party found their 
supply of provisions exhausted. The men 
accordingly went in search of food, with 
senses quickened by hunger. They were 
so fortunate as to discover an enormous 
mushroom, as large as an umbrella, which 
made soup enough to satisfy the hunger of 
20 men. This specimen was the first of the 
species seen by Welwitsch, but subsequent- 
ly he often met with it, and learned that 
these great mushrooms are brought to mar- 
ket at Pungo Adongo by the natives, and 
there sold at from one to three pence each, 
according to size. 


By act of Parliament of the year 1843, 
mechanics’ institutes, literary and scien- 
tifie associations, and the like, were ex- 
empted from local taxation in England. 
The Government now proposes to do away 
with the exemption, thus imposing a tax on 
knowledge. If the measure succeeds, many 
societies must close their doors, and the 
work of popular education will receive a 
serious check. 


A “* MEMORIAL VOLUME,” to commemorate 
the services rendered to science by the late 








THE POPULAR SCIENCE MONTHLY. 


Prof. Liebig, is to be published by the Roy- 
al Bavarian Academy of Sciences, of which 
body he was president, The volume will 
contain an obituary notice of the deceased, 
and three separate dissertations upon the 
services rendered by him to physiology, 
agriculture, and theoretical chemistry, to be 
written by Profs. Bischof, Vogel, and Erle- 
meier, 


THE amount of tobacco paying duty and 
cleared for consumption in Great Britain 
steadily increases. Thus in 1841 it aver- 
aged 133 oz. per capita; in 1851, 164 oz.; 
in 1861, 194 oz.; and in 1871, 21} oz. 


Tue average number of persons per 
house, in various cities of the United States, 
is as follows: New York, 14.72; Cincin- 
nati, 8.81; Brooklyn, 8.64; Boston, 8.46 ; 
Jersey City, 8.37; Hartford has 5.56; 
Rochester, 5.36; and Toledo, the lowest, 
5.20. The densest population is that of 
the Fourth Ward, New York, where there 
are 24.61 persons to each dwelling. 


Tne Russian Government is about to 
construct a railroad from Nijni-Novgorod 
on the Volga, to the Japan Sea, about 4,200 
miles. This line, in conjunction with that 
from Nijni-Novgorod to St. Petersburg, will 
connect the Baltic Sea with the Pacific. 
The road will run east in latitude 56°, 850 
miles to Tobolsk, crossing the Ural Moun- 
tains. From Tobolsk it will take a south- 
east course 1,500 miles to Irkutsk, on Lake 
Baikal (latitude 53°), The remainder of the 
route is not yet determined on, but it is ex- 
pected that work will be commenced on the 
western end during the present year. 


Lake NEaHTAWANTA, near the Oswego 
Falls, is a noted fishing-ground, containing 
abundance of pickerel, pike, perch, bass, 
and indeed nearly all the fresh-water fish. 
But a sort of epizooty recently broke out 
among the pickerel, which threatens to ut- 
terly destroy all the fish of that species con- 
tained in the lake; indeed, it is believed 
that they are already destroyed. The other 
fish in the lake are not affected by the dis- 
order. 


Dr. Lyon Prayrarr has no very high 
opinion of the value of English university 
education. He said recently in Parliament 
that “a Scotch university teaches a man 
how to make a thousand a year, an English 
university how to spend it.” 


Mr. Bensamin Swrte, of London, has 
sailed for the north-pole in the yacht Diana. 
Mr. Smith expects to join his supply-yacht, 
the Samson, at Cobbe’s Bay, on the north- 
west of Spitzbergen, latitude 80°. From 
that point he will push as far northward as 
the ice will permit. He purposes returning 
home in one year at the farthest. 
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